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with Cleveland 
Speed Variators... 
precision control 
is a simple matter 


Cleveland Speed Variators — mechanical trac- 
tion-type variable drives with stepless speed 
control — provide both increase and decrease 
of output speed on a range up to 9:1 from a 
constant speed power source. 


PNEUMATICALLY 
CONTROLLED 


Infinitely variable speed regulation is pro- 
vided with instant, smooth change by either 
manual, automatic, or remote control. Precise 
adjustments are easily made with accurate ad- 
herence to settings. Some typical examples: 


MANUALLY 
CONTROLLED 


For the Chemical Industry 

In rubber processing seven- 
teen variators provide neces- 
sary process flexibility when 
changing production from 
one type synthetic rubber to 
another. 

For the Automotive Industry 
Variators give accurate con 
trol of assembly line speeds 
to control conveyor output 
rates 

For the Tobacco Industry 
Variators make delicate ad- 
justments for electronic beta 
gage controller. 

For the Steel Industry 
Variators provide remote con- 
trol speed change on process- 
ing line conveyor. 


For the Metal 

Working Industry 

Variators permit fast, accu- 
rate adjustment of machining 
speeds for metals, from mag- 
nesium to 38 Rc steel 

For the Wire 

Products Industry 

Variators control four reels 
simultaneously — and with- 
out slippage 


In Ore Processing 

Variators easily adjust rate 
of material feed to hammer- 
mill. 

In Material Handling 
Variators control movement 
of steel tubes through 176- 
roll annealing furnace. 


The Cleveland Worm & Gear Company 
Speed Variator Division 
3279 East 80th Street, Cleveland 4, Ohio 


A subsidiary of 

Eaton Manufacturing Company 
ELECTRICALLY 
CONTROLLED Sales representatives in all 


major industrial markets. 


Send for your free copy of 
Bulletin K-250. it gives 
the complete Variator con- 
tro/ story. 


HOW IT WORKS 


Power is transmitted from input shaft 
to output shaft through alloy steel driv- 
ing balls which are in pressure contact 
with discs attached to the two shafts. 
Relative speeds of the shafts are ad- 
justed by changing the positioning of 
the axles on which the balis rotate (see 
Cutaway view, right). 
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The shaft in this assembly rotates continuously in a horizontal posi- 
tion, and, when copy is being fed into the camera, a cam raises the 
shaft 5° - 10° out of alignment to bring the rubber roller at the free 
end of the shaft into contact with the film. This is the mechanical 
heart of the Diebold Portable Microfilm Camera. 


At the fulcrum, is a HEIM Zeecéaé® spherical bearing 


This self-aligning bearing not only compensates for the inherent misalign- 
ment of the shaft, but delivers the smooth operation which prevents hesitation 
or binds that would show up as objectionable density bars in the picture 


The HEIM Zacéaé® SPHERICAL BEARING 


represents a simple, trouble-free self-aligning bearing prin- 
ciple. This cutaway view shows how the single ball has 
universal movement, rotating in bronze bearing inserts, and 
presents a large surface supporting area. This permits higher 
load ratings to meet virtually every application requirement 


Heim Unibai Bearings are sold and stocked by the 
leading bearing distributors in the U.S. and Canada. 


Write for complete catalog and list of distributors 
or for any engineering data on special problems. 
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ARMCO STEELS al for better products * lower costs 


SAE 1010 STEEL 
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Oxidation rates of 
ALUMINIZED STEEL 
Type 1 and SAE 1010 
steel at 1000 F and 
1100 F 


New steels are 
born at 


Oxygen pickup is a Armco 


measure of the oxida- 
tion of the metal and 
how fast it will fail. 


ALUMINIZED STEEL TYPE 1 


Research Data Shows Why Armco’s Special 


Aluminum-Coated Steel Withstands Heat 


Comparative oxidation rates indicate remarkable durability of corrosion- 
resistant Armco ALUMINIZED STEEL Type 1 at high temperatures. 


Oxidation rates of ALUMINIZED STEEL Type 1 at 1000 and 
1100 F compared with those of SAE 1010 steel demonstrate 
why this special Armco Steel has become a popular material 
for parts that must resist heat. 

The hot-dip aluminum coating applied by a special 
Armco developed process prevents oxygen from destruc- 
tively scaling the base metal at temperatures up to about 
1250 F. In addition, ALUMINIZED STEEL also provides good 
corrosion resistance. This unique combination of steel and 
aluminum withstands the corrosive attack of combustion 
products and condensates. 

Because ALUMINIZED STEEL Type | combats both heat 


and corrosion and because its steel base gives parts high 
strength, it can be used in thinner gages and at higher 
temperatures than other metals. 

For these reasons, Armco’s special aluminum-coated steel 
has proved to be the most economical and durable metal 
for auto mufflers, heat exchangers, combustion chambers. 
industrial ovens, appliances, and similar products requiring 
resistance to heat and corrosion. Put the cost-cutting, 
performance-improving advantages of Armco ALUMINIZED 
STEEL Type 1 to work in your products, Write us for com- 
plete information. Armco Steel Corporation, 3249 Curtis 
street, Middletown, Ohio. 


ARMCO STEEL 





Armco Division + Sheffield Division + The National Supply Company + Armco Drainage & 
Metal Products, Inc. * The Armco International Corporation + Union Wire Rope Corporation 
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DESIGN issue 


DEPARTMENTS 


INTERESTING TO NOTE 
DEVELOPMENTS TO WATCH 
THE ENGINEERING WEEK 
COMING EVENTS 

READER TO EDITOR 
HORIZONS 

PRODUCT DESIGNS 
SIGNIFICANT COMPONENTS 
CATALOGS AND BULLETINS 
CURRENT REPRINTS 

SO WE WENT... 

DESIGN ABSTRACTS 

NEW BOOKS 

ADVERTISERS’ INDEX 
READER SERVICE CARDS 


MATERIALS: 


MECHANICAL: 


ELECTRICAL: 


PRODUCT DESIGN: 


GENERAL: 





Product 
Engineering 


McGRAW-HILL WEEKLY OF DESIGN, RESEARCH AND DEVELOPMENT 


October 26, 1959 


FEATURED: 


8 STEPS TO BETTER ENGINEERING WRITING . . . R M Koff, senior assoc editor 
Last in an 8-part series: Final pointers—oand a test... ... 


PRESSURE DROPS IN PNEUMATIC SYSTEMS . . . Gil Riske, Hannifin Co 
New method predicts losses when components are in series 


THESE MODELS PREVIEW STRESS, STRAIN . . . R Simon, R G Carlson, C W Bert 
The how-to of structural models—an 8-page report by Battelle experts. . 


BEST FOR TODAY’S DIAPHRAGMS .. . E C Hemes, Reeves Brothers Inc 
Coating? Fabric? These charts show top combinations for the job 


18 WAYS TO CONTROL GEAR BACKLASH .. . F T Gutmann, ITT Laboratories 
Roundup includes latest devices for answering a chronic problem 


DESIGNING WITH WORK-HARDENED SHEETMETAL .. H A Jahnie, Budd Co 
Think ahead to how processing the metal will affect strength 


22 CLAMPS FOR WIRE AND CABLE... . F W Wood Jr, Vitro Laberatories 
Special survey of clamps available for variety of needs 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Explosive-forging techniques are being developed. . 

Sheet steel tested for flaw-sensitivity, weldability. . 

impregnated plastic absorbs vibration and sound. 

Multiform fused silica for slip-cast or dry-pressed mente. 

Chemical coatings protect steel for high-temperature heat treatment 


Tandem pump incorporates two hydraulic pumps on a common shaft 
Tests show future for titanium carbide in hi-temp bearings 
Pedometer principle gives device that measures crimp. 


Strain measurements under boiling water simplified. 

Plugboard program timer offers flexible time-sequence cycles. 
Thin tracking wafer detects, resolves angular position of light 
Automatic control senses trouble, stops injection-molding machine 


This special, over-size templet guides 2-for-1 grinder. 
The Valiant—a design analysis of Chrysler's smaller new car 
Recoil of 20mm gun gets lost in cam mechanism... 


A lot of hot air—even furnaces now have superchargers 
Mechanic solves personal problem with a lifesaving valve 
US still lags Soviets in space—red tape slows progress. . . 
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Type B top; Type A center; Type S bottom. Other designs avoilable. 


STEMCO THERMOSTATS 


No wonder leading manufacturers of automatic coffee 
makers specify Stemco thermostats. For Stemco ther- 
mostats give long-life reliability that eliminates service 





headaches . . . are quickly, easily installed . . . are com- 
petitively priced. Our application engineering service is 
eager to help you solve your thermostatic control problem, 
whether it involves design, production or cost. Try us now. 


AA-9437 


sea tesctm manufacturing company, inc. 


P. O. Box 1007, Mansfield, Ohio 





Other appliances, too, such as skillets, saucepans, grid- 
dies, inhalers, air heaters, fans, steam and flat irons, 


roasters, fry kettles, refrigerators, butter warmers, T H E R Mi % TAT Ss 


waffie irons, electronic and avionic applications. 
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Interesting to Note... 


It's a Lot of Hot Air 
So many readers reacted enthu- } 

siastically to the closeups of the A Product 

end of a Sendzimir mill in our Engineering 
May 25 issue that we sought out 
another design-detail shot. We 
have it in this issue, even if we did 
have to go to West Germany to 
get it. Shown is an opened six- 
stage axial-flow compressor that 
provides furnace blast. Intake ca- 
pacity is 60,000 cfm and com- 
pression ratio is 2.3 to 1. The 
picture was taken at the plant of 
DEMAG = Aktiengesellschaft in 
Duisburg, another of those color 
shots that Western Europe pro 


duces to make us drool. 

Forcing air into a furnace is a fairly recent job for superchargers 
Automobile connoisseurs will remember the Cord of the 1930s 
with its shiny chrome pipes acting as exhaust manifolds. Whether 
or not an automobile actually needed a supercharger is a debatable 
point, but those silver pipes certainly gave the stvlists some fun 
Aircraft superchargers are another story. In early aerial combat, 
the plane that could fly the highest had a distinct advantage. A 
German aircraft concern, Junkers, was one of the first to realize this 
and designed aircraft engines accordingly. ‘Then a Frenchman, 
Prof Camille Rateau, took up the problem of the turbosupercharger 
and successfully developed a device that was manufactured before 
the end of World War I. It took a war to force commercial devel 
opment but the idea itself had been lying around quite a whilk 
Sir Dugald Clerk, inventor of the two-stroke cycle engine, had first 
conducted experiments on the supercharger as far back as 1901 


Lifesaving Valve 


Controlling pressure within a tube (p 50) is not a problem of con 
cern only to chemists and engineers; medical men have long studied 
the pressure of fluids within the body. Recently the solution of a 
man’s personal problem also was a boon to an age-old medical 
problem. 

Several vears ago John W. Holter’s wife gave birth to a son 
stricken with hvdrocephalus (water on the brain). Unless the pres 
sure could be relieved, the boy would probably die. Hvdrocephalus 
has afflicted babies for centuries. Egvptians attempted to relieve 
pressure by drilling a hole in the infant’s skull. Some children— 
Napoleon and Beethoven, for example—outgrew mild cases, but 

CONTINUED ON PAGE 7 
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DURA-PLATE 
INCREASES 
DURABILITY 
OF 


CHROME-PLATED 


PARTS 
BY 
OVER 


Dura-Plate, the new Brown-Lipe-Chapin process, 
gives chrome-plated parts a new dimension in durability. 


New Dura-Plate consists of a duplex nickel base 
plus a thicker layer of crack-free chromium. Two- 
thirds of the initial layer is semi-bright nickel which 
is columnar in structure. The remaining one-third 
layer is bright nickel with a laminar structure. On 
top of this is a layer of chromium up to five times 
normal thicknesses. Together these three elements 
provide a higher degree of resistance to corrosion 
than has ever been achieved by conventional processes. 


After 18-hour CASS Tests and actual field surveys 
with Dura-Plated parts, results showed that these 
parts resisted corrosion up to 50% more than com- 
panion parts plated by conventional methods. 


The brilliance of Dura-Plate plus its outstanding 
resistance to corrosion adds important sales advan- 
tages to consumer products and opens up new applica- 
tions for chrome-plated parts. 


OUTDOOR LIVING: Dura-Plated parts can withstand 
the rigors of the most severe climate conditions, mak- 
ing it ideal for outdoor furniture, grilles, and outdoor- 
living accessories. 


APPLIANCES: The lustrous brilliance of Dura-Plate 
parts provide extra sales appeal to ranges, refriger- 
ators, toasters, washers and dryers. Grease deter- 
gents and other household cleaning agents will not 
mar the beauty of parts plated with Dura-Plate. 


AUTOMOTIVE: Sparkling trim of Dura-Plate will 
stand up under the punishment of salt, snow and 
water, providing longer lasting protection for the 
beauty of automotive bright work. 


In addition to Dura-Plate, Brown-Lipe-Chapin offers 
mass production facilities for die casting, all metal 


stampings, anodizing, rolled sections, polishing 
and painting. For further information, call or PS 
write Brown-Lipe-Chapin, Syracuse, New York. 


(iM RELIABILITY » BROWN: LIPE- CHAPIN 


GENERAL 
vwoToRSs 
Restated 1°) 


! ae 


CIRCLE 6 ON READER SERVICE CARD 


T R Ss ef. < se eam 


PRODUCT ENGINEERING - OCTOBER 26, 1959 





Interesting to Note . . . conn 


until several years ago less than one-fifth of the babies 
born with hydrocephalus survived. 

As a man with a mechanical bent, Holter looked at his 
son’s disease as a mechanical problem. Could a valve be 
designed that would resist chemical action, be steam- 
sterilized, and positively stop counterflow? With his son 
dying, he had no time to lose. He thought of a design 
and presented it to The West Co, Phoenixville, Penna. 
Within a few days, a die was made and a tubular, nipple 
valve of molded silicone was formed. This did the job. 

John Holter didn’t stop after saving his own son’s life 
He has since formed his own company, producing a 
shunt valve for the control of intracranial pressure. Over 
5000 children in 32 countries have this valve—and they 
stand an 85% chance for a normal life. 


Models Go Grown-up 


hose plastic-model kits bought by youngsters and 
assembled under dad’s careful eye have found new ap 
plications. Engineers who have long been familiar with 
the importance of scale models in R & D work (p 55) 
have been able to learn a lot from the inexpensive do-it- 
yourself kits sold at the local hobby shop. The use of 
plastic model ships and airplanes by the Armed Forces 
dates back to World War II. One model-manufacturer 
gave free kits to the services in exchange for a peek at the 
blueprints of forthcoming aircraft. In this way the com- 
pany had a jump on its competition by coming out with 
a model kit at about the same time that the first plane 
became operational. The government benefited by getting 
free models for identification and training purposes. Mis 
sile companies have recently used these inexpensive 
plastic kits to show technicians how to assemble various 
components on the actual hardware. 

One of the leading manufacturers of plastic models, 
Revell, Inc, has a scale model of America’s Polaris launch 
ing-submarine, the George Washington. For those who 


Hale i - 


eS 


like to see how things work, the side of the model is re 
movable, revealing the location of the powerplant, living 
quarters, and missile-launching tubes. As an added gim 
mick, the tubes contain springs to actually propel a scale 
model Polaris. 

From start to finish, the production of a plastic kit is 
an expensive, time-consuming job. That of the George 
Washington, for example, cost $100,000 and took 10 
months from concept to kit. Some of this time was spent 
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waiting for certain parts of the submarine to be declassi- 
fied by the Navy. Since the kit only retails for $1.98, a 
lot of amateur shipbuilders will have to buy one before 
Revell Inc profits. Revell doesn’t limit itself to military 
goods; it recently introduced a scale model of Westing 
house’s atomic power plant at $6.95—and for old-fash 
ioned shipbuilders, a 24-foot scale model of the sailing 
ship, Cutty Sark. 

When Revell decided to bring out a plastic model of 
the Soviet’s Bison bomber the company was unable to 
obtain blueprints. Technicians had only about 80 photos 
with which to work and with these were able to piece 
together enough about the plane to construct a pilot 
model. However, since there were no pictures of the land 
ing gear, final production was held up. For four months, 
company engineers studied Soviet aircraft development 
and the theory of flight, then designed a landing gear 
they believed the Soviets would have used on the Bison. 
Kits were manufactured and distributed. When the US 
Air Force finally obtained official data on the Bison's 
landing gear, the data were found identical with scale- 
model plastic planes sitting on desktops around the na- 
tion and in the Pentagon itself. 

If the companies that manufacture these plastic kits 
began with the juvenile market in mind, they recently 
received a pleasant surprise. Harold Larsen, head of the 
Dept of Acronautical Engineering, Wright-Patterson 
AFB, discovered that the plastic models were easily adapt 
able to wind-tunnel experiments and as an aid to teach- 
ing aerodynamic principles. 


Lead Slingers 


Doctors have long distinguished themselves in war 
usually in a lifesaving capacity. During the Civil War, 
however, a young physician born in North Carolina, but 
siding with the Union, upset the pattern. Instead of dis 
covering a remedy to cure the sick, he found a deadlier 
weapon. His name? Dr Richard J. Gatling—inventor of 
the machine gun. 

Soon after the outbreak of the war, Gatling gave a pub 
lic demonstration of a weapon that fired 350 rounds per 
minute. The Union army was curious but didn’t realize 
the potential of so devastating a weapon. Gatling de- 
cided to build six guns at his own expense, but when 
they were ready for delivery—trouble again. The factory 
caught fire and burned down. Again the physician-inven 
tor ordered the gun built and this time Gen B. F. Butler, 
without permission from the War Department, pur 
chased 12 guns to be used in the James River campaign 
The Union Government was most impressed with their 
performance, but by the time the Chief of Ordnance 
placed an order for a hundred guns, the war had ended 

The Gatling gun was continually improved and within 
20 years was capable of firing 1200 shots per minute 
Today, Gatling’s principle is incorporated in a six-barreled 
weapon located in the tail of the B-58 Hustler. It can 
fire up to 7000 rounds per minute. Another recent devel- 
opment in machine guns is the lightweight Mark 2, 
Mod 4 (see p 66). Using only two barrels, it fires up to 
4800 rounds per minute 

—Benedict A Leerburger Jr 
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MUELLER BRASS CO. 
OFFERS 7 WAYS TO 
PRODUCE YOUR PART 


Mueller Brass Co., because of its diversified manufacturing facilities that encompass a wide 
range of fabricating methods, is in the unique position of being able to offer you, the 
purchaser, an intelligent, unbiased analysis and recommendation of the best, most economical 
method by which your particular part can be produced. As the result of over 40 years’ 
experience, the “Methods Analysis Department” has at its command complete knowledge of 
the advantages and limitations of each production process. After receiving detailed knowl- 
edge concerning the end use of the part, material specified, conditions under which it must 
operate and other pertinent factors, these analysis engineers make their recommendations. 
Every detail is considered. In many cases, methods analysis engineers recommend a simple 
design change that makes practical a much more economical 
method of production. This technical service, offered only by 
Mueller Brass Co., is given to each individual inquiry and is your 
assurance that you will get the best product at the best price .. . 


made the one best way .. . by Mueller Brass Co. 


Send today for free technical literature on any one or all of the 
seven fabricating methods. 


FORGINGS 


Production equipment is 
available to produce press, 
hammer or cored forgings of 
any practical shape in sizes 
ranging from a few ounces 
te 150 Ibs. in brass, bronze, 
aluminum and magnesium 
in 27 standard, as well as 
special, alloys. 


ae 


TO Tw STANDARD 
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COLD-PREST® 
IMPACT EXTRUSIONS 


Mueller Brass Co. has com- 
plete machinery for producing 
Cold-Prest impact extrusions 
of aluminum, copper, brass, 
bronze and steel. Extrusions 
up to 28” in length are possi- 
ble, depending on wall thick- 
ness and other design details. 
Parts can be designed having 
ribs, flutes, splines or bosses 
. +. with multiple wall diam- 
eters and with uniform or 
tapered wall sections. 





SCREW MACHINE 
PRODUCTS 


Mueller Brass Co. has one of 
the world's largest automatic 
screw hi depart ts 
fabricating both ferrous and 
non-ferrous custom parts. We 
can produce an infinite vari- 
ety of shapes and sizes from 
yy" to 3%" in wide range of 
free cutting and specialized 
alloys. Complete facilities for 
all secondary and finishing 
operations, as well. 








POWDER METAL PARTS 


Mueller Brass Co. can supply 
precision Sinteel® powder 
metal parts in wide range of 
sizes and metals at high 
production rate. Parts avail- 
able from iron, brass and 
copper alloys. Parts may be 
ordered with such character- 
istics as self-lubrication, con- 
trolied porosity and good 
electrical and magnetic 


properties. 


MUELLER BRASS CO. 
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...and our methods analysis service 


helps you determine which is the best 


...and most economical method 


SAND CASTINGS 


We specialize in the produc- 
tion of pressure-tight red 
brass castings. We utilize 
both metal match plate and 
weed patterns. Facilities in- 
clude tool room and pattern 
shop, electric melting fur- 
naces, high capacity core 
room and both bench and 
floor 141. 9 q ip 7 to 
handle wide range of sizes. 














FORMED COPPER 
TUBE 


Mueller Brass Co. has modern 
facilities for forming seam- 
less copper tube into a multi- 
tude of shapes. Forming 

the onek used i | bend- 
ing, spinning, expanding or 
swedging, upsetting, flaring, 
flattening, beading and 
grooving, drilling and pierc- 
ing, machining and joining. 
Formed copper tube coils are 
also available as single, 
double, spiral and serpentine 
shapes. 











s 
PLASTIC INJECTION 
MOLDING 


Injection molding of plastic 
ports is still another process 
offered by the Mueller Brass 
Ce. Parts are molded from 
such plastics as — nylon, poly- 
ethylenes, polyvinyl! chloride, 
styrenes, linear acetal, chio- 
rinated polyether, polycer- 
bonates or polypropylene,de- 


dent 


P on part app 





MAN FROM 
MUELLER BRASS CO. 


Since only Mueller Brass Co. 
can produce your part by all 
these methods, only the Man 
From Mueller Brass Co. con 
give sound advice on the one 
best method of production. 
Over 40 years of research, 
engineering, manufacturing 
and marketing experience 
stends behind him. When you 
are specifying end purchas- 
ing fabricated metal parts, 
coll in the MAN FROM 
MUELLER BRASS CO. 


ORT HURON 22 
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WHO SAYS 


there’s nothing new in Socket Set Screws! 


The revolutionary P-K W-POINT Socket Set 
Screw is not only new—completely new — it is 
capable of delivering the highest degree of hold- 
ing power ever attained...at no increase in price! 





What’s the difference between the new P-K 
W-Point and ordinary cup point set screws? It’s 
the new pivot point that’s built into the cup! 
This exclusive P-K feature reduces ‘‘wobble”’ 
caused by the required tolerance clearances between 
screw threads and the tapped hole . . . minimizes 
“tipping’’ motion imparted by key tightening... 


PARKER-KALON 


creates tracking which is uniformly even in depth 
and shape . . . results in frictional engagement of 
both cup edge flanks . . . provides: 


30% more back-out torque 

50% more resistance to vibration 

50% more resistance to rotary slippage 

Test this new socket set screw in your own plant. Ask 
your P-K Industrial Distributor for complete informa- 


tion and samples today, or write to P-K direct for tech- 
nical bulletin No. 1106. 


W- POl NT Socket Set Screw 


PARKER-KALON, a division of General American Transportation Corporation. Clifton, New Jersey. Offices and Warehouses in Chicago, Los Angeles. 
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General Electric RTV silicone rubber 


New liquid rubber cures without heat, useful from — 70 F to + 600 F, ideal for 


Oe 


sealing, electrical insulation and flexible molds. 


HEAT RESISTANT SEALING, such as shown on this PRECISION MOLDING of proto- LOW-COST TOOLING with flexible 
Douglas DC-8 Jetliner, is made possible with RTV_ type and engineering models RTV mold material offers added 
(room temperature vulcanizing) silicone rubber. RTV and replacement parts is simpli- savings in time and expense. RTV’s 
cures without application of heat; won't shrink (no sol- fied and improved with RTV flex- “built-in” release agent provides 
vents) ; forms no voids. It has excellent bond strength, ible mold material. G-E RTV’s easy removal of this epoxy coil- 
plus resistance to high temperatures, moisture, weather- low shrinkage permits close tol- winding form from mold. Total cost 


ing, ozone, aircraft fuels and solvents. erances and fine surface detail. reduced 81%, delivery time 90%. 


: 


ENCAPSULATION OF STATOR WINDINGS, POTTING OF AIRBORNE EQUIP- RTV COIL IMPREGNATION enables this 


introduced by General Electric motor depart- MENT provides protection fromhigh Hughes Aircraft Co. transformer to pro- 


vide top performance at 250°. Unlike 
other insulations tried, G-E RTV com 
pounds proved successful both for coil 
impregnation and full encapsulation 


ments, extends service life of motors. RTV’s re- altitude arc-over and corona as well 
sistance to moisture and other contaminants’ as vibration and moisture. RTV 
enables these dripproof motors to meet certain silicone rubber protects this cath- 
applications formerly requiring enclosed units. ode ray tube up to 70,000 feet 


For application data and samples of General Electric RTV silicone rubber write Section A1014, General Electric Company, 
Silicone Products Department, Waterford, New York 


GENERAL @@ ELECTRIC 
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GEARMOTORS 


—the ultimate in com- 


pactness — maintain 
positive alignment 
with flange mounted 
NEMA motors. 
ble or triple reductions, 
sizes up to 100 hp, 
speeds from 280 down 


to 1.8 rpm. 


Dou- 











MOTOGEARS 


incorporate bracket - mounted 
NEMA motors of any manufac- 
turer and enclosure, permit 
quick, simple motor replace- 


. ment. Sizes to 100 
=) hp, ratios from 6.2:1 
to 985:1. 





~~. 


It’s industry’s only complete line— 


don’t limit 


ye 09) ae UP VET Ff util 


UNIVERSAL WORM 
GEAR SPEED REDUCERS 
offer 3-way mounting flex- 
ibility. Available in 2%-, 
3-, 34%-, and 4-in. centers. 
Sizes up to 13.5 hp, ratios 
from 5%:1 to 60:1. 


@eeeeeee2s 
GEARMOTORS 




















@eeeoeeoe20e2ee 
MOTOGEARS 





PARALLEL SHAFT SPEED REDUCERS 


are built to shrug off 
heavy shock loads 
Ratios to more than 
300: 1 and hp capac- 
ities to over 2000 


IN-LINE HELICAL GEAR 
SPEED REDUCERS 





@eeeseeeoeeseaeee@eeesee 
WORM GEAR SPEED REDUCERS 
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IN-LINE HELICAL GEAR 
SPEED REDUCERS 

let you mount the mo- 
tor where you want it 
Save space with input 
and output shafts lo- 
cated on same planes 
Ratios 6.2:1 to 2217:1, 
capacities to 206 hp 


sg 8 


Czy 


that’s why 














WORM GEAR 

SPEED REDUCERS 

—for high-ratio speed 
reduction with right- 
angle takeoff. Made 
with single, double or 
helical worm gear 
combinations, ratios 3.1: 
to 8000: 1. 





LINK-BELT speed reducers 


your layout 


SHAFT-MOUNTED SPEED REDUCERS 


—single reduction in 6 sizes, 5 to 


1 ratio. 
sizes, 15 





UNIVERSAL WORM 
GEAR SPEED REDUCERS 


PRODUCT ENGINEERING 


Double reduction in 7 
to | and 20 to | ratio. 


Up to 40 hp. 





SHAFT-MOUNTED 
SPEED REDUCERS 





+ OCTOBER 26, 1959 


Yes, you can plan with full freedom when you rely on LINK- 
BELT. Seven basic types of speed reducers—each in a wide 
range of sizes and ratios—give you complete flexibility in drive 
layout. It’s easy to select the one that exactly meets your re- 
quirements for ratio, space, shaft position, shock loading and 
other specific factors. 


And Link-Belt’s leadership in speed reducers extends to every 
area of power transmission equipment. Link-Belt makes all 
related drive components—chain and sprockets, bearings, cou- 
plings—all dimensionally correlated with these reducers. This 
one-source responsibility eliminates need to exchange drawings 
with other suppliers and assures a matched set of equipment. 


For full facts on Link-Belt’s comprehensive line of speed 
reducers—including selection and features data—get in touch 
with your nearest Link-Belt office 


LINK 


SPEED REDUCERS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve 

Industry There Are Link-Bele Plants, Sales Offices and Stock Carrying Dis- 

tributors in All Principal Cities. Export Office, New York 7; Australia, Mar- 

rickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); South 
Africa, Springs. Representatives Throughout the World 


eeeeeeeeeseeeeneseneeeeee 6 
PARALLEL SHAFT 
SPEED REDUCERS 


QUICK DELIVERY FROM STOCK. 
Distributors, backed by 16 warehouses 
strategically located throughout the 
United States, assure immediate avail- 
ability of all popular sizes of Link-Belt 
speed reducers 


s.1e 
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Bundy can mass-fabricate 





practically anything 


Ne 


Bundyweld#®—the original double-walled steel tubing—is 
ideal for everything from simple bends to complex shapes 


The old adage, “Don’t count your chickens before they hatch,” is a good 
one... but it rarely applies to Bundy. That’s because, no matter how complex 
your tubing problem, you can count on Bundy for the perfect solution. 

Bundy engineers and designers are backed by years of experience in the 
mass-fabrication of steel tubing. And they are available to you at any stage of 
product development for time- and money-saving suggestions. Their key: 
Bundyweld@! 

Bundyweld steel tubing is double-walled, copper-brazed, stronger, with 
higher bursting and fatigue strengths. That makes Bundyweld the safety stand- 
ard in small-diameter tubing—and a wise choice for a wide variety of tubing 
applications! Covered by Government Spec. MIL-T-3520, Type III. 

So, when you want to talk tubing, talk to the leader—Bundy! Phone, 
write, or wire Bundy Tubing Company, Detroit 14, Michigan. 





Bundyweld is the 
a 
walled from a single 
copper-plated steel 
strip, metallurgically 
bonded through 360° 
of wall contact for 
amazing strength, 
versatility. 


There’s no substitute for the original Bundyweld Tubing. 


Bundyweld is light- 
weight, uniformly 
smooth, easily fabri- 
cated. It’s remarkably 
resistant to vibration 
fatigue; has unusually 
high burstingstrength. 
Sizes up to %” O.D. 


BUNDY TUBING COMPANY 


HOMETOWN, PA. © DETROIT 14, MICH. © WINCHESTER, KY. 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING. AFFILIATED PLANTS IN AUSTRALIA, BRAZIL, ENGLAND, FRANCE, GERMANY, AND ITALY 
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Gits OULERS Fae 
READY TO tines 
SHI Pp Shaft Seals for Almost |: 








Half-A-Century 


Gits BEos. MES. Co. 















































WHICH ONES WILL LAST (and last, and lastl)? 
THOSE MADE OF WEIRKOTE® ZINC-COATED STEEL 


Steel tubing that’s protected against corrosion even under the most trying circumstances. 
Steel tubing that’s easily fabricated to meet the most exacting specifications. 


That's what you get in tubing made of Weirkote zinc-coated steel ! 





Weirkote’s zinc coating—applied by the continuous process throughout, and so uniformly 
that every square inch is protected—is skin-tight. There's absolutely no flaking or 
peeling no matter how tortuous the crimping, twisting or other stresses of fabrication. 
In fact, Weirkote can be worked to the very limits of the steel itself. 


The use of Weirkote can eliminate the need for any further coating process after fabri- 
cation. Its tight zinc coating is completely intact and remains so duriig fabrication and 
on the job. Weirkote zinc-coated steel tubing is particularly suited for jobs where weather 
is a factor to be taken into consideration. 


Take a good long look at the possibilities and advantages of using Weirkote zinc-coated 
steel to meet your tubing requirements. For the complete story on Weirkote and how it 
can help you, write Weirton Steel Company, Dept. D-7, Weirton, West Virginia. 
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| STEEL | 
Gus 


WEIRTON STEEL 
COMPANY 


WEIRTON, WEST VIRGINIA 


a division of 


NATIONAL STEEL Ale CORPORATION 





Protects your product... 
improves its looks .. . and 
handles well in production 


ESA 


Paw \) 


vinyl finish 





Mlasland Durant 


ae 


CLAD-ON 


self-adhering 
slab Ame 1 lal -letlal| 





Your product can have extra 
sales appeal easily and economi- 
cally with either of these versa- 
tile, easy-to-clean finishes in this 
established top-quality vinyl. 
Masland Duran Clad can be 
laminated to metal. Even shear- 
ing, crimping, punching, drilling 
won’t impair its texture or color 
Wide decorative range. Masland 
Duran Clad-On with adhesive 
coated back for quick, easy ap- 
plication. Many outstanding 
colors and textures. Helps cut 
down your finishing costs 


THE MASLAND DURALEATHER CO. Dept. PE 


: ee Amber & Willard Sts., Philadelphia 34, Pa. 
Industrial Products Division 


Please send information and somples of Clad: []) Cled-On: [] 


THE MASLAND DURALEATHER CO. Bee 


Compony____ 


Dept. PE « Philadelphia 34, Pa. 


Street__ 


PRODUCT ENGINEERING - OCTOBER 26, 1959 








































































































5 REPUBLIC METAL POWDERS 
GIVE YOU BROAD SPECTRUM COVERAGE 


Scat tone tee 4p Sane teaneiilies bas ae 
engths from low to high, Republic’s wide range 
E 1} ie oo of iron and alloy powders covers all known 
physical property requirements of metal powder 
part fabricators today. 

This broad band of coverage, denoted by density 
and type, is graphically illustrated by the following 
Republic powders: Controlled Dimensional Factor 
Types “G” for growth, “N” for normal or zero 
dimension change,“S” for shrinkage—copper com- 
patible; Type MS—carbon compatible; and carbon 

compatible, Type HS6460 alloy. 
Booklet, ADv. 1014 contains complete technical 
information on Types G, N, S, and Type MS. 
Chemical composition, physical properties, and test 
evaluations on Type HS6460 are contained in 
mm NN n.nte 120,800 140,800 160,008 Booklet Apv. 1028. Write for your free copies. 
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REPUBLIC HOT ROLLED SPECIAL 
BAR SECTIONS LEVEL OFF COSTS 
for grader blade manufacturer. 
Shunk Manufacturing Company, 
Bucyrus, Ohio, has maintained top- 
quality and its competitive position 
for over 30 years by using Republic 
High Carbon Hot Rolled Special Bar 
Sections for grader blades. The 
special bar sections are preformed 
to the predominating cross section of 
the blade, thus keeping costs down 
by eliminating most machining and 
forming operations. Republic Special 
Bar Sections are available hot rolled 
or cold drawn in carbon, alloy, and 
stainless steel. Send coupon for 
full facts. 


ore 





REPUBLIC NYLOK® FASTENERS PROVIDE SECURE HOLDING POWER REPUBLIC GALVANNEALED SHEETS SOLVE CORROSION PROBLEM 
where it’s needed most in the Twin Power Riding Mowers produced by in Kathabor® units manufactured by Surface Combustion Corporation. 
Roberton Manufacturing Company, Chicago. A special nylon insert assures Units are designed to lower or raise the relative air humidity through 
positive locking, maximum holding power—even under severe vibration. evaporation or absorption of moisture. Republic Galvonnealed, used for 
The insert in nylok fasteners is unaffected by age or cold, has high resis- coil tube sheets, takes all forming operations. Corrosion and rust problems 
tance to heat. For more facts on Republic Nylok Fasteners, mail the coupon. are held to an absolute minimum. Mail coupon for literature. 


REPUBLIC STEEL CORPORATION 
DEPT. PE-8125-A 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send the following Metal Powder Booklets: 
OC) ADV. 1014 on Types G, N, S, and MS. 


o C2 ADV. 1028 on Type HS6460 
Worlds Wideat, Rie 2 Send more information on: 
anG C) Special Bar Sections (2 Nylok Fasteners 
C Galvannealed Sheets 


% Standard Steels and Name Tide 


Company . in 


Stee Pr \ a Address : . — 


Zone —__ State —__ 
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<> | NEW MATERIALS GIVE PRODUCT PLANNERS FREE REIN 


A few years ago, the management man with 
new products on his mind had to think of how 
to make them in terms of the limited choice of 
materials then available. Now, he first dreams 
up the desirable qualities his product should 
have, then selects the materials that meet these 
requirements. Plastics are one important reason 


for this big difference between yesteryear and 
today. Many different combinations of prop- 
erties are available in plastics formulations and 
the selection grows wider every day. New de- 
velopments in plastics materials, such as those 
reported below, provide plenty of ideas for new 
product planners. 


NEW PLASTIC MAKES 
LUMINOUS CEILING IDEA COME TRUE 


Unique suspended ceiling material 
made of Dow thermoplastic 
forms an unbroken luminous ceiling 
line, yields more light. 


An architectural products manufac- 
turer recently approached Dow with 
an idea for a new product. They knew 
exactly what they wanted, but knew of 
no material that would meet their re- 
quirements. They wished to manufac- 
ture a grid panel for use in suspended 
ceilings that would diffuse light to 
create the effect of a continuous 
luminous expanse of infinite dimension. 
The material they sought must be 


molded into intricate shapes, be dimen- 
sionally stable and have exceptional 
non-yellowing and light diffusing 
characteristics. 

Fortunately, Dow was getting ready 
to introduce a new material that met 
these requirements perfectly. In a short 
time the manufacturer had his material 
and was in full production . . . an 
example of how manufacturers fre- 
quently find that the one right material 
for the job is already under develop- 
ment—or in production—at Dow. 

This new material, called Styron® 
Verelite 672, was developed specifically 


for such applications. It possesses 
unique light transmitting and diffusing 
properties, and has an exceptionally 
high resistance to yellowing, a malady 
common to many materials under pro- 
longed exposure to fluorescent light. 


The grid panels, which fit together to 
form a continuous pattern for areas of 
any dimension, are finding extensive 
use as room dividers and display 
boards, as well as in ceilings. Light 
fixtures, sprinkler heads and other 
equipment can be installed above the 
ceiling level and thus be hidden from 
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HARDHEADED SALES GAINER 


When professional gridmen make and 
take those earth-shaking tackles their 
heads need all the protection they can 
get. That’s why several pro teams equip 
their players with helmets made of 
lightweight, super-tough Ethocel®. 
Dubbed the “aristocrat” of all thermo- 
plastics, high-impact Ethocel takes 
shock well over a wide temperature 
range. It has a high gloss and can be 
matched to many colors. Its excellent 
strength and molding characteristics 
permit large one-piece moldings for 
many rough and tumble applications. 


THIS DRAWER WON'T WARP 
OR SPLINTER 


This plastic drawer for the home is 
another example of creative engineering 
with Dow plastics in the building 
products field. Vacuum-formed of 
Styron® 475, it offers the last word in 
convenience and durability wherever 
built-ins are applicable. The manufac- 
turer also supplies the glides and 
framing, leaving only the decorative 
exterior to be applied. The outstanding 
forming characteristics of Styron 475 
keep production men happy. Rounded 
corners make the drawer easy to oper- 
ate and easy to clean and, of course, 
it’s splinter-free. It’s long on looks as 
well as service life . . . cannot swell or 
warp because of the extremely low 
moisture absorption of Styron. 


DON’T FREEZE THAT DESIGN until 
you've checked with Dow. Chances are, 
one of the many Dow thermoplastics will 
fit your materials requirements “to a 
tee"’. To find out, write today to THE DOW 
CHEMICAL COMPANY, Plastics Sales Depart- 
ment 1514DZ10-26, 


eee 
INDUSTRIAL MOLDING 
MATERIALS 


PACKAGING MATERIALS 


PAINT AND COATING 
MATERIALS 


BUILDING PRODUCTS 


THE DOW CHEMICAL COMPANY 
Midland, Michigan 
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TWO MORE PRODUCT IMPROVEMENT 
IDEAS WITH DOW PLASTICS 


STYRON 

Great fun for the junior homemaker! 
This complete miniature washer-dryer 
contains several parts made of dif- 
ferent Styron formulations. Properties 
demanded by this application include 
toughness, structural strength, smooth 
surface, clarity and resistance to 
soap chemicals. Styron also gives 
the production man a break with its 
excellent moldability. 





PVC RESINS 

These see-through tubes typify the 
many uses being made of formula- 
tions utilizing Dow PVC. The result- 
ing high quality compound is then 
extruded into tubing, filled, sealed 
and crimped to make an clitractive, 
low cost package. Two reasons Dow 
PVC is often selected: its high proc- 
essing uniformity and resistance to 
many chemicals. 
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Fenwal THERMOSWITCH Temperature Controls are 
enclosed in a tamper-proof assembly that’s built to 
take grueling punishment — and stay highly accurate, 
uniformly sensitive throughout the operating range — 
and its range is three to five times that of an ordinary 
thermostat! 

That means you can run your machine at greater 
speeds .. . your machine will require less maintenance! 
It means greater flexibility for your machine — greater 

> sales for you — and all at a low first cost. 
It ~ a Even the assembly of a Fenwal THERMOSWITCH unit 
is easier and cheaper! The application of Fenwal 
THERMOSWITCH units are limitless —- they’re being 
° used in planes... factories. ..ships... hospitals... 
tough life homes . . . laboratories — used almost any place where 
temperature is a factor and accuracy is a must! 


Drop us a line at Fenwal Incorporated, 215 Pleasant 
Street, Ashland, Mass. and we'll send you our catalog 


but the sensitive MC-135 or our sales engineer, whichever you want. 


Fenwal THERMOSWITCH? unit takes it in its stride 


This is our 17000 series (we've got 25,000 other variations 
with the operating ranges from —100°F to 600°F) in use in 
Master Jet Frymaster. The Fenwal control gives the ma- 
chine rapid, precise response; greater reliability — even 
makes it more economica! by conserving cooking fat and gas! 


CONTROLS TEMPERATURE... PRECISELY 
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10 TO 15 NEW JOBS a week, each 


a different application, require a continuous program of 
evaluating the properties of metals and fabricating costs 
at Robertshaw-Bridgeport. 


In making bellows (left ) and temperature sensors (above ) to meet ever-changing ne eds 
of control, appliance, and industrial equipment manufacturers, Bridgeport Thermostat 
Div., Robertshaw-Fulton Controls Co., Milford, Conn., averages 10 to 15 new prob- 
lems a week. Specifications vary widely in dimensions and physical characteristics. 
Dependable performance over long periods of uninterrupted service is vital—yet costs 
must be rigidly controlled, 


So for quality with maximum economy in fabrication, materials must be matched 
precisely to the needs of each job. And in this, Robertshaw-Bridgeport looks to its 
suppliers for creative technical services. For many years, The American Brass Com- 
pany specialists have been helping to select the correct alloys in phosphor bronze or 
brass and to meet fabrication problems in the making of bellows—to apply econom 
ically precision-made capillary tubing and other small-diameter copper tube in sensor 
assemblies. Through such services, The American Brass Company is constantly helping 
metal fabricators across the nation control quality while keeping costs down 


ee you caught between cost reduction and quality 
control? Find out if you are buying metal properties 
you don’t need. An Anaconda specialist may be able to 


suggest a lower cost alloy that fits the requirements of A avi *fy 1 |) A 
your job more closely. Or he may find that an adjustment mia ia» » AD, 

of temper or a change in your fabrication methods can 
cut your costs. The services of Anaconda specialists are 
available through your American Brass representative. 
Call him in today, or write: The American Brass Com- Made by The American Brace Company 
pany, Waterbury 20, Conn. In Canada: Anaconda 

American Brass Ltd., New Toronto, Ont. sss? 


COPPER BRASS BRONZE NICKEL SILVER 
MILL PRODUCTS 
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How to contain a jet engine 


THE BALTIMORE STEEL COMPANY makes shipping containers for aircraft 
engines, torpedoes, missiles, and other ordnance items. The containers 
are designed to accompany their cargo almost into the enemy’s teeth. 
They are impact-resistant, shock-mounted, hermetically sealed, pressur 
ized and humidity-controlled. 

There were three reasons why the designers selected USS Cor-TEn 
High-Strength Low-Alloy Steel for the outer shells of these containers: 
1. The contents demand that the containers be strong and impact-resistant 
tactics demand that they be light and maneuverable. USS Cor-TeEn Steel has 
a minimum yield point of 50,000 psi—50% higher than carbon steel—so it can 
be used in stronger, thinner, lighter gages, saving as much as 100 lbs. per 
container. 

2. To permit storage in the field, the containers must be highly corrosion 
resistant, and USS Cor-TeEn Steel has four to six times more atmospheric 
corrosion resistance than carbon steel. The containers are reusable—have a 
service life of about ten years. 

3. Cor-TEN Steel saves money. First, its strength permits the use of less steel 
cutting production costs an estimated 8%. Second, maintenance costs are 
reduced because paint life on Cor-TEN Steel is 50 to 100% longer 

U. S. Steel produces three brands of High Strength Steels—Cor-Ten, 
Tri-TEN, and MAn-TEN, in addition to the remarkable USS “T-1” Con 
structional Alloy Steel, and a complete line of stainless steels. Each has 
characteristics that make it ideal for special design applications. For 
complete information about these “steels that do more,” write to United 
States Steel, 525 William Penn Place, Pittsburgh 30, Pa 


USS, COR-TEN, TRI-TEN, MAN-TEN and “7 


United States Stee! Corporation—Pittsburgh 
American Stee! & Wire—Cileveland 

Columbia- Geneva Steei—San Francisco 

Tennessee Coal & Iron—Fairfieid, Alabama 

United States Stee! Supply—Stee! Service Centers 
United States Stee! Export Company 


United States Steel 
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World's smallest 


bushing-type chain : .1475° pitch 


for miniature 
and sub-miniature devices... 


Precision-built of non-magnetic 
» Stainless Steel 


D1aMonpD Micropitch is the first extremely 
fine pitch bushing chain (.1475”) made 
especially for small-space applications such 
as cameras, computers, recorders, data 
processers and many other devices using 
miniaturized movements. It is ideal for 
power transmission, synchronization or 
conveying . . . and conforms to the same 
high standards of quality that have char- 
acterized all DiamMonp chains for more 
than 69 years. 


You are invited to utilize DIAMOND’s 
wealth of roller chain experience. Write for 
engineering recommendations for your pro- 
ject. Please supply complete details. 


DIAMOND CHAIN COMPANY, INC. 


A Subsidiary of American Steel Foundries 


Dept. 443 + 402 Kentucky Ave., Indianapolis 7, Indiana 


AND OD RIBUTORS IN ALL PRINCIPAL CITIES 


DIAMO 


CIRCLE 26 ON READER SERVICE CARD 


OLLER 
HAINS 


SPECIFICATIONS 

Pitch 1475” 
Overall Width og 
Weight per Foot (Approx.) ..% oz. 
Chain length +.051” to —.000/ft. 
Operating Temp. —65°F. to +400°F. 
Tensile Strength 180 lbs. Average 
Material 18-8 SS non-magnetic grade 
Available aise in 4” Pitch, ASA No. 25 in stainless steel or standard steel. 


SPROCKETS — Made to your specifications 
in regular or stainless steel, bronze, alumi- 
num, nylon or other materials. 


ACTUAL a 7 


Size 


CONSTRUCTION 

FEATURES—Large joint bearing areas 
¢ High order press fits + Precise chain length 
control + Corrosion resistant, non-magnetic 
stainless steel. 


ADAPTABILITY 


Permits wide variety 

of shaft centers. + 

Multiple shaft drives can be accurately 
timed « Sprockets may engage both sides of 
chain « Connecting links easily assembled or 
disassembled without removing sprockets 
CONVEYOR 


ACTUAL SIZE “ 
CHAIN 


On special order, DiaMonp Micropitch chain 
can be supplied for small conveyors in elon- 
gated pitch construction and with special 
attachments. 
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new, COMPACT, HI-TORQUE 


Hi-RANGE REDUCTION DRIVES 


IDEAL FOR APPLICATIONS NOT POSSIBLE 
WITH OTHER TYPES OF REDUCERS...AND FOR 
STANDARD REQUIREMENTS. 


HI-RANGE Cycloid-Type Reduction Drives are 40% to 60% 
smaller than other types of reducers with comparable ratings 
They provide a wider range of torque—and pound for pound, a 
higher torque—than any other type of reducer...ranging from 
about 30 in.-lb. torque per pound of reducer weight to over 
80 in.-Ib. torque per pound. As a result, HI-RANGE units 
lend themselves extremely well to special applications and in- 
tegral design. They are ideal where space or weight or both 
are important factors and where, in addition, high torque is 
required. 


Black Tool Engineers are highly experienced in the design 
of reducers for special applications. They will be glad to consult 


with you on your reduction drive problems 
Write today for Brochure RD-200. 
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in the American Steel & Wire Fatigue Laboratory, a 
technician runs tests on a USS American Spring, designed 


for Steel Door use. On the basis of this test a change in 
hook design was recommended to give longer spring life. 


At Steel Door... 


(iss) American Springs 


thanks to AS&W 





A Steel Door workman assembles a Berry One-Piece Door. This company 
uses steel exclusively for all doors because of its many consumer advantages. 
Steel is stable, won't warp or swell. Steel doors need less maintenance and 
preparation, and steel doors are easy to operate. 


This close-up shows the improved hook on the extension springs supplied 
by American Stee! & Wire for the Steel Door overhead garage doors. 
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stretched 31,000 times and still going strong... 


Spring Engineering Research Service 


The Steel Door Corporation, Birmingham, Michigan, is 
the world’s largest manufacturer of residential garage 
doors. For the production of these doors they use about 
150,000 USS American Springs every year. Steel Door 
asked American Steel & Wire for a statistical evaluation 
of the fatigue life of the extension hook-type springs 
they use. The AS&W Spring Engineering Research 
Service tested these springs in the Fatigue Laboratory 
and recommended a change in hook design. 

So successful was this design change that the life of 
the springs has been materially increased. At the Steel 
Door plant a cycle test was set up using USS American 
Springs on an overhead door. At the present time these 
springs have completed over 31,000 cycles without show- 
ing any sign of failure. This is the equivalent of 25 
years of normal usage. 

Mr. Ralph Qualman, Advertising Director and Serv- 
ice Manager, says: “It is extremely important that the 
springs—especially those used on sectional doors where 


American Steel & Wire 
Division of 


Columbie-Geneve Stee! Division, San Francisco, Pecitic Coast Distributors @ Tennessee Cos! & Iron Division. Ff sirtield, Ale. Southern Distributors + 
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the strain is greatest—have proper tension and a long 
life. American Steel & Wire supplies Steel Door with 
springs that meet their engineering specification and 
life expectancy.” 

if you have a spring problem or would like advice on 
the use of springs in your product, get in touch with 
our general offices in Cleveland, or any American Steel 
& Wire Sales Office. You can benefit from the knowledge 
of AS&W’s Spring Engineering Research Service. The 
Service has been engaged in laboratory experiments of 
static and Jynamic testing for 20 years and has accumu- 
lated invaluable data on stress and fatigue life of steel 
springs, while endeavoring to improve efficiency in the 
use of steel—from steel chemistry through product 
application—to more economically cope with today’s 
rigorous demands. This accumulated knowledge of the 
AS&W Spring Engineering Research Service is at your 
disposal. American Steel & Wire, 614 Superior Ave., 
N.W., Cleveland 13, Ohio. 


USS and American are trademarks 


United States Steel 


United Steves Stee! Export Compeny Distributors Abroed 
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Trailer axles take shape as automatic butt welder upset 
flash welds spindles to each end of 40-inch lengths of Pitts- 





burgh Steel Co.’s mechanical tubing at Kenton, Ohio, plant 
of Rockwell-Standard’s Transmission and Axle Division. 


An Axle Axiom: Long Service Life 


Pittsburgh Steel Company’s Seamless Tubes Give 
Years of Service in Rockwell-Standard Corp.’s Trailer Axles 


Mechanical tubing from Pittsburgh 
Steel Company covers a lot of ground 
—in truck trailer axles. 

Pittsburgh Steel is a prime sup- 
plier of mechanical tubing to the 
Kenton, Ohio, trailer axle plant 
where the Transmission and Axle 
Division of Rockwell-Standard 
Corp. makes trailer axles for every 
major trailer manufacturer. 


e Uses C1040 Grade Tubing — 
Rockwell-Standard uses AISI C 
1040 grade hot rolled tubing, rang- 
ing from 4-inch outside diameter 
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with a %-inch wall thickness to tub- 
ing 6 inches in diameter with 4-inch 
wall. 

Typical tubing shipped to Rock- 
well-Standard is made of fine grained 
steel in a uniform hardness range 
which enables the customer to de- 
velop the final physical properties 
he wants by heat treatment. 


Pittsburgh Steel tubing per- 
forms satisfactorily in Rockwell- 
Standard’s processing opera- 
tions and satisfies the ultimate 
user—the trailer manufacturer 


—because we meet these re- 
quirements from tube to tube 
and from shipment to shipment. 


Hardness is a prime requirement 
because lack of uniformity would 
require more costly operations at 
Rockwell. With Pittsburgh Steel 
tubes, heat treating can be standard- 
ized with predictable results. 


Weldability scores high. Long 
service life of trailer axles demon- 
strates the weldability of Pittsburgh 
Steel’s tubing. With an average of 








10 welds in every axle, welds have 
to be good. Strength and porosity 
tests prove they are good. 


Freedom from scale helps pro- 
mote predictable results from heat 
treating. Scale would produce steel 
with different rates of hardness after 
heat treating. No de-scaling opera- 
tion is necessary with Pittsburgh 
Steel tubes. 

Uniformity of wall thickness helps 
to prevent warping of axles in oil 
quenching and eliminates re-straight- 
ening in many cases or holds such 
operations to a minimum. 


e Tubing first is cut to length 
by Rockwell to make axles which 
will track either 70 inches or 71% 
inches, both standard widths. Forged 
spindles then are flash upset welded, 
one on each end of the tube. Welds 
are made simultaneously. 

Next, tube and spindle assemblies 
pass through a high heat furnace 
on a moving conveyor. For the two 
hours each assembly is in the 60-foot 
long furnace it is subjected to a 
temperature of 1500 degrees F. Each 
1% minutes, an assembly emerges 
from the furnace to be oil quenched. 

To temper the assemblies to the 
desired Brinell hardness, each passes 
through a draw furnace where it 
soaks for an hour in 1000 degrees F. 

Rockwell-Standard wants a rat- 
ing of 269 to 321 for spindles and 
218 to 269 for tubing. 

Axles then are cleaned by shot in 
a Wheelabrator and moved to the 
Machine Shop. Spindles are ma- 
chined to final contours, welding 
flash is removed and threads are 
machine rolled. 


e After accessories, like spider 
brackets, diaphragm brackets and 
cams are welded to the axle, stress 
relief follows to ease strains set up 
by welding. An hour’s treatment at 
900 degrees F. does the trick. 

On the final assembly line, each 
axle gets a brake system fitted to 
the brake spiders. Nylon support 
brackets and grease fittings are 
added, the axle is greased, painted 


Close-up of brake spider being sub- 
merged arc welded. Four welds are 
made simultaneously. 


. . 


Pittsburgh tubing, five inches in diameter, is being ground to .4880 inches to 


meet specifications. 


and moved to the shipping platform. 

You don’t have to be a manufac- 
turer of axles to enjoy the same 
benefits that Rockwell-Standard gets 
from Pittsburgh Steel tubing. 

Any tube user who wants to 
lower production costs while 
making a better product can 


profit by using Pittsburgh Steel 
tubular specialties. 

You get the physicals you want 
and you can expect better perform- 
ance in fabrication. Talk to a Pitts- 
burgh Steel man today. You'll find 
him in one of the district offices 
listed below. 


Pittsburgh Seamless Distributors 


Boker Steel & Tube Company 
los Angeles, California 

Chicago Tube & iron Compony 
Chicago, Illinois 

Cleveland Tool & Supply Co. 
Cleveland, Ohio 

Drummond McCall & Co., Lid. 
Montreal, Quebec, Canada 

Edgcomb Steel Company 
Philadelphia, Pennsylvania 

Gilmore Stee! & Supply Co. 
Son Francisco, California 


Grant Building . 


Earle M. Jorgensen Co. 
Perry Kilsby, Inc. 
los Angeles, California 
Mapes & Sprow! Stee! Co. 
Union, New Jersey 
Metal Goods Corporation 
St. Lovis, Missouri 
Miller Steel Company, Inc. 
Hillside, New Jersey 
A. B. Murray Co., inc. 
Elizabeth, New Jersey 


C. A. Russell, inc. 
Houston, Texos 

Ryerson, Joseph T. & Son, inc. 
Chicago, Illinois 


Soler Steel Corporation 
Cleveland, Ohio 

Steel Sales Corporation 
Chicago, Illinois 

Tubulor Soles 
Detroit, Michigan 

Ward Steel Service Company 
Dayton, Ohio 


Company 


Pittsburgh 30, Pa. 





DISTRICT SALES OFFICES 


Atlanta 


Chicago Dayton 


Cleveland 


Detroit 
Houston 





BEARING 


One in a series of technical reports by Bower 


W] BRIEFINGS 





SPHERICITY — ESSENTIAL TO 
MAXIMUM BEARING PERFORMANCE 








When you require bearings, we suggest you consider 
the advantages of Bower bearings. Where product de- 
sign calls for tapered or cylindrical roller bearings or 
journal roller assemblies, Bower can provide them in 
a full range o; types and sizes. Bower engineers are 
always available, should you desire assistance or advice 
on bearing applications. 




















For a tapered roller bearing to achieve 
maximum performance, i.e., maximum 
life and capacity under load, it must have 
true sphericity — a condition of bearing 
geometry which permits true rolling of 
the tapered rollers in the raceway. 


True rolling in tapered bearing elements 
is the result of maintaining a critical 
geometric relationship between the race- 
ways and the contact surfaces of each 
roller. True rolling is essential to maxi- 
mum performance. Without it, prema- 
ture bearing failure is certain. 

As engineers know, a tapered roller will 
describe a true circle when rolled on a 
plane surface. /t will always roll in this 
one path precisely, without sliding or 
skewing. But to put true rolling to work 
in a bearing which can carry both heavy 
thrust and radial loads, it is essential that 
the rollers and the raceway have a true 
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spherical radius, or sphericity. The draw- 
ing illustrates this condition. 


If each roller in the bearing were to be 
extended in length, while retaining its 
taper, it would form a cone, terminating 
at point “P”. All cones generated from 
all rollers would meet at point “P”, which 
is also the center of the hypothetical 
sphere shown. The surface of the sphere 
would touch all points on each roller’s 
head! 


In effect, then, each roller’s taper deter- 
mines the radius of a hypothetical sphere 


True rolling of tapered bearing elements depends upon 
maintaining a true spherical radius during manufacture. 


whose surface, in turn, determines the 
correct contour for each roller head. 
Only when these conditions are satisfied 
in design, and when they are rigidly held 
during manufacture, will true rolling 
take place. In the manufacture of each 
Bower tapered roller bearing, sphericity 
is held within extremely narrow limits by 
means of special Bower-designed preci- 
sion grinders. The consistent accuracy 
possible with these machines is one 
major reason why Bower roller bearings 
provide maximum performance under 
all speeds and loads up to the bearing’s 
maximum rating. 





BOWER ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL- MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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Technical-tties 
By John S. Davey 


The choice between 
a cap screw and 
socket head screw 


If you have the choice, make it 
a socket screw when you have 
a space problem, but choose the 
cap crew for more holding 
power per dollar. 

No question that you should 
apply ocket screws in cour 
terbored holes; and that you 
can clear tight spaces. What 

uu can’t do is utilize the full 
strength of the alloy needed 
for the ocket head. And re 
member, strength of a connec- 
tion «de pends on how you pre- 
load the fastener s, and not on 
the strength of the fastene 
material alone, 


THE HANDICAPS OF ONE 


Internal wrenching rarely de- 
velops as much torque as 
needed for proper preloading. 
And if high torque is devel- 
oped, the smaller bearing area 
of the socket head tends to 
crush the surface on which it 
bears rather than increase ten- 
sion or preload, 


THE ADVANTAGES 
OF THE OTHER 


If you design to take advan- 
tage of heat treated cap screws 
of SAE grade 5 quality, you'll 
get a stronger connection at 
lower cost. These standard fas- 
teners have ample bearing and 
wrenching surfaces, can be 
torqued right up to yield 
strength. They also cost less 
than the alloy fasteners, 








New TENSILOCK’ Screws 
seat tighter, lock tighter 





LOOSENING TORQUE INCH LBS 





HEX CAP SCREW 


‘180 200 220 240 
TIGHTENING TORQUE INCH LBS 








RB&W’s TENSILOCK fasteners 
feature ratchet-like teeth formed at 
an angle which cuts driving effort 
yet which enables the teeth to bite 
in firmly and give an improved grip 
against back-off. 

In addition, a circular groove in 
the integral “washer” permits the 
flange to flex upon tightening, and 
helps maintain tension in the fas- 
tener and pressure on the teeth. 


IMPROVED TENSION 
TO TORQUE RATIO 


With reduced friction under the 
head, the new tooth design has en- 
abled more of the wrenching torque 
to be used to develop tension and 
less to overcome friction. Since the 
flange flexes, it allows the screw to 
bear solidly on its seat. All of the 
high strength capabilities of these 
heat-treated one-piece fasteners can 
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Graph shows example of on-torque and off-torque rela 
tionship. It takes more torque to loosen than to tighten 


RB&W's new TENSILOCK screws, the toothed fasteners 
with high tensile locking, are identified by six radial 
dashes on flange 

Head has integral washer face with teeth that lock fas 
tener to surface. Circular groove allows flange to flex 
and seat to bear solidly on surface 


now be attained for a stronger 
assembly. 


MORE LOCKING POWER 
Tensilock screws need up to 40% 
more off-torque than on-torque 
Combining this feature with the 
higher residual tension, and the dia- 
phragm action of the integral 
washer face, these fasteners give 
superior locking and holding power 
for permanently tight, strong joints 

. even under severe vibration and 
cyclic temperature changes. 

Now available in limited range of 
screw types (not in flat head), and 
in various nut sizes. For details, 
write Russell, Burdsall & Ward Boit 
and Nut Company, Port Chester, 
New York. Trade Mark 
Plants at: Port Chester, N. Y.; Coraopolis, Pa.; 
Rock Falls, Ill; Los Angeles, Calif. Additional 


sales offices at: Ardmore (Phila.), Pa., Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco. 
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DEVELOPMENTS TO WATCH... 


Explosive-forging techniques 


. are being developed by National Northern Corp 
under Aircraft Materials Command sponsorship 
These techniques would be an extension of methods 
already used for forming and hardening (PE—-Jan 6 
"58, p 56 and Dec 15°58, p 5 

According to AMC, National Northern has already 


Variations in electrical resistivity 


of cold-worked metals under plastic deformation 

is influenced by the type of heat treatment they have 
received, research at Nuclear Metals Inc indicates 

In a report prepared for next week’s meeting of 

the Metallurgical Society (AIME), Avin Boltax of 

Nuclear Metals says studies of copper-iron alloy 


Reduced factors of safety 


mav solve one set of design problems, but they're 
creating a whole new set, nuclear and aircraft, engi 
neers are discovering. 

To the aircraft engineer, less stringent safety re 
quirements mean lighter weight and lower cost. But 
they also mean intensified dynamic loading. This 1s 
bringing the natural frequencies of structural com 
ponents and assemblies into a region where, as B. J 
Lazan of U of Minnesota pointed out to the SAI 
Aeronautic meeting, resonance vibration becomes a 
serious problem—and one which cannot be solved by 
structural adjustments alone. It calls for brand-new 


New mechanical seal 


. said to offer the advantages of springless opera 
tion even though it is of relatively conventional 
design has been developed by A W Chesterton Co 
Everett, Mass 

According to the company, it is so designed that 
the seal is balanced without complicated positioning 
of shaft shoulders or sleeves, and neither spring 
design nor positioning of the seal is critical. Further 
more, the device is so constructed (see diagram) that 
the springs are not in the product fluid 

The sealing action is accomplished in two ways 

When there is little or no pressure in the stuffing 
box, the springs, acting against a floating adapter, 
close the gap and load the stationary seal ring. 

When pressure increases above a designed mini 
mum, it will counteract the spring force and open 
the gap. At this point, the fluid pressure takes over 
and, acting at the balance point, “assures a balanced 
and perfectly uniform face closure.” 
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produced forgings from 2014 aluminum alloy; and, 
says AMC, “this has resulted in the production of 
parts having mechanical properties 10 to 15% higher 
than those obtained in conventional forgings.” 
Work is continuing, aimed at developing optimum 
forging conditions and exploring design parameters 


showed increases in electrical resistivity ranging up 
to 45% in solution-treated materials. But electrical 
resistivity of some aged alloys increased as much as 
85%; while others (aged at 1030 F and 1290 F) 
showed decreases. He traces the differences to “stack- 
ing faults,” created by precipitated particles 


techniques and new materials for vibration damping 
One solution he emphasizes: adhesive damping 
damping at joints and interface through use of vis 
coelastic layers). 

In nuclear engineering, too, reduced safety factors 
mean light weight and lower cost. But they also put 
a premium on reliability of mechanical components 
and on dual-purpose components like radiation 
shields that can be pumped around from one spot 
to another as needed (PE—Aug 17, p 19). 

(Note: For more on safety factors and on relia 
bility, see PE—Oct 12, p 61.) 
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“Springless’’ seal uses counteracting forces to balance 
pressure at point indicated and provide uniform face 


closure. Note that springs are not in product fluid 





DEVELOPMENTS TO WATCH... 


For bearings that operate at 1500F .. . 


. and where lubrication is not possible, titanium 
carbide warrants further development, say R. T. 
Wetsmoreland and P. J. Hanifin of North American 
Aviation. Titanium carbide bearings are far from 
inexpensive at this point—roller bearings made for 
testing cost $6500 each—but performance is outstand- 


A tractor that runs on fuel cells .. 


.. . is being demonstrated by Allis-Chalmers. In this 
case, the cells—more than 1,000 of them—use a pro- 
pane gas mixture as the fuel. It reacts with oxygen, 
in the cell to produce a flow of electrons that gener- 
ates a current in an external circuit and provides 
power for a standard 20-hp de motor. Total electrical 


ing. Under unidirectional radial loads of 30,000 Ib, 
for instance, they stand 25,000 cycles of operation. 
For short-life, high-unit-load applications at lower 
temperatures—in the 800-F range—M2 tool steels heat 
treated to Rockwell C 61-63 are adequate. But they 
are not serviceable without lubrication at 1500 F. 


output is 15 kw, developing, says A-C, a 3,000-Ib 
drawbar pull. Output of individual fuel cells is ap- 
proximately lv, open circuit. 

Note: For more on fuel cells, and on A-C fuel cell 
research, see PE—Feb 17 ’58, p 18 and Nov 3 ’58, 
p 10. 


Bright tin-nickel alloy coatings with superior corrosion properties . . . 


. and an appearance “comparable to that of 
decorative chrome plating” can be deposited from 
aqueous-organic baths, Bureau of Mines reports. 

These are 65-Sn—35-Ni alloys that cannot be pre- 
pared by any means except co-deposition (they are 
metastable and recrystallize above 750 F); and could 
previously be obtained only from highly corrosive 
fluoride electrolytes. 


A device that measures crimp .. . 


. Offers a surprsingly simple solution to a tricky 
problem. 

The problem: measuring the crimp of yarns in 
woven fabrics—the ups and downs that give fabrics 
their strength, abrasion resistance and texture. 

The solution, from USDA’s Southern Regional 
Research Laboratory, is pictured here. It’s something 
of a cross between a pedometer and a mechanism 
sometimes used as a typewriter length control. 

As E. C. Kingsbery and N. P. Roddy describe it, 
the device consists of a wheel with a circumference 
exactly equal to the length of yarn being measured 
(in this case, 18 in.); suspended between the loom’s 
drag roll brackets; and provided with a dial, indica- 
tor, and adjustment key. 

At start of the test, the dial is set at zero. Then, 
one pick of filling of a different color from that being 
woven is inserted in the machine and weaving is 
begun. 

When the wheel again comes around to zero, an- 
other contrasting-color pick is inserted. The distance 
between the two colored picks as compared with the 
full length of the yarn when it is removed from 
the fabric then provides a measure of yarn crimp. 

-ARG. 


The new systems, using such electrolyte combina- 
tions as HCl and ethylene glycol, minimize corro- 
sion problems and should permit application of such 
coatings to aluminum and magnesium. 

Bureau researchers emphasize their work is only 
preliminary. Much remains to be done to define 
optimum plating conditions. But they believe further 
investigation well worth while. 


Crimp tester uses a hardwood wheel, surtaced with silicon 
carbide grit to provide traction, and held firmly against 
the warp by a 3 Ib. weight. Adjustment key projects at left. 
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Simplify 2 Critical 
Strain Measurements 


Cotumsus, On1o—Boiling water and 
mated mechanical parts have always 
presented a problem to the engineer 
trying to study strain patterns. Boil- 
ing water attacks the chemical coating 
protecting the strain gage limiting 
its effectiveness; mated parts never 
permitted a measurement at the point 
of highest strain. Now, according to 
Nelson A. Crites, an instrument 
specialist at Battelle Memorial Insti- 
tute, new techniques permit accurate 
strain measurements for indefinite 
periods in equipment immersed in 
boiling water, and at critical points 
in mated mechanical parts. 

To protect a strain gage used in 
boiling water, the gage is housed in a 
brass blister-type pod, about the size 
of a quarter, that is soldered to equip- 
ment under study at a point where 
strain measurement is desired. Wires 
leading from the pod are enclosed in 
a stainless steel sheath. Crites says 
the metal blister will give protection 
indefinitely. Development of the 
technique was occasioned by two re- 
cent Battelle studies—one involving 
water-cooled rolling mills, and the 
other involving engine cylinders. 

To use strain gages for measure- 
ments in closely fitted parts, advan- 
tage is taken of recent developments 
in thin, foil gages, and also of the 
newer epoxy resins. Gage is mounted 
in a shallow groove cut in one of two 
mated parts, such as a drive shaft 
Epoxy resin is used to insulate the 
gage and fill in the groove before 
the mated parts are assembled a 





psi X 10? 


Tensile Strength Yield Strength Elongation Reduction of Area 
psi X 10* % % 





4037 .. 
4130.. 
4340. 

6150. 
6152.. 
Vascojet 1000 
422.... 
es 
Thermold J 

A 286.. 


280-300 


265 VW 30-40 
241 13 55 
312 VW 28 
325 9 25 
315 g 27 
309 13. 37 
271 8 20 
241 10 32 
328 7 22 
oe 25 55 


Hardening Process Increases 
Strength, Retains Ductility 


Garpena, Catir—aAccording to Re- 
search Development Corp of America, 
(RDCA), ductility of alloy steel can 
be retained as hardness or tensile 
strength is increased. Process differs 
from present heat treating methods 
in two ways: it alters time and tem- 
perature; and requires special modifica- 
tions on standard furnaces and equip- 
ment. RDCA says further that the 
shape or size of a treated piece is not 
changed, nor is color or appearance. 
It effects high tensile strength and 
ductility of cast as well as wrought 
alloys and for any size or thickness. 


William I. Bassett, chief metallur- 
gist and president of RDCA says “the 
process produces a highly refined, more 
uniform grain structure free of dis- 
similar-sized grain which usually serve 
as a point of stress concentration.” 

Specifically, the Bassett Process ef- 
fects a 10 to 60% increase in ultimate 
tensile strength coupled with a pro- 
portional increase in yield strength, 
plus greatly improved elongation and 
reduction of area factors, fatigue life 
and impact strength. Table gives some 
alloy property values claimed by the 
company. s 


Average ‘59 Cornell Engineer Grad 
Started at $530 per Month 


Irnaca, N. Y.—Study of the salaries 
received by the 1959 graduates of Cor- 
nell Univ’s College of Engineering 
reveals that the average starting pay 
was $530 a month, that the lowest 
was $420, and that one of the June 
graduates started out with $640 per 
month. Graduates surveyed had all 
entered the engineering profession. 
A total of 272 students were grad- 
uated from Cornell’s 5-year program in 
engineering. Of these, 74 are con- 
tinuing their studies in graduate 
schools, at Cornell and at other insti- 
tutions, 28 are in military service, 
six are in foreign work, and 40 have 





Boiling water and strain gages. . . 
can be “mixed” readily and indefinitely. 
Shown in a beaker ef boiling water is a 
gage enclosed in a brass blister-type 
pod soldered to a metal specimen. Tech- 
nique is described as “vastly superior’ to 
presently used chemical coatings. 


not reported their positions Oo! 
starting salaries. A total of 124 are 
known to have secured employment 
in their fields, although four of these 
neglected to state their salaries. 
The graduates in engineering 
physics lead in high salaries, with an 
average of $570, and one graduate is 
being paid $640. Second highest 
paid group are the chemical engineers, 
with an average monthly wage of $543, 
and a high of $600. Next in order are 
the engineers with a 
$539 monthly average, and an indi- 
vidual high of $568. The electrical 
engineers are close behind, with an 
average of $538, and an individual 


top of $619. 


metallurgical 


Agricultural engineers are averaging 
$527, with a $542 high. Mechanical 
engineers are averaging $526, with a 
$611 high. Civil engineers average 
$486, with a high of $529 . 
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Sea Water Freeze Plant 
Now in Operation 


Syracuse—The world’s first plant to 
make sea water drinkable through a 
freezing process was dedicated and 
placed in operation at the Carrier Cor 
poration headquarters here today by 
Dr A. L. Miller, director of the Office 
of Saline Water of the US Dept. of 
the Interior 

The carrier-developed process 1s be 
ing considered for the demonstration 
plant that will be located on the cast 
coast. Testing at the pilot plant which 
opened today will use both natural 
and synthetic sea water. Karly 
spring the pilot plant will be moved 
to a sea 
tinued operational tests wil be con 
ducted 

The pilot plant built by Carrier will 
provide data on the economic poten 
tial and feasibility for use in large 
scale plants for conversion of sea water 
to potable water supply. Basic problem 
in the development of the freeze 
separation process has been the segre 
gation of the ice crystals, which are 
pure water, from the salt entrapped 
between crystals. 

“The freezing process has many in 
herent advantages over distillation,”’ 
Dr Miller declared, ‘Such as lower 
energy requirements to 
water to a boil in a distillation process 
There is 


next 


shore location where con 


re duce SCa 


also less tendency toward 


scale and corrosion at lower tempera 
tures than at elevated temperatures. & 


Polypropylene heads 
for the big time 


With two suppliers now in action, 


and productive capacity than 
doubled this _ year 
plastic (PE—Aug 24, p 14 


earlier references ) 


more 
polypropy lene 
and 
is rapidly taking it 
place as a major industrial material 
for this tough 
over 40 million 


Present 
boilable 
Ib, and this is scheduled to be doubled 
early next year as Humble Oil Co 
comes on stream, and Texas Eastman 
reaches full commercial production 

In addition, at least three more 
companies are readying production 
plans and each of the pioneers (Avi 
Sun and Hercules) has blueprinted 
a 50- to 100-million-Ib addition « 


capac ity 
material is 


Simpler, Cheaper Horn Uses Coil of Aluminum Foil 


Sparton Corp has switched from copper 
and aluminum magnet wire to Reynolds 
aluminum strip conductor for coils in its 
horns. According to Dr Weichien Chow, 
chief development engineer at Sparton 
Automotive, aluminum foil offers better 
heat transfer and dissipation, hence less 


danger of burnout, all in less space. In 
addition 12 less parts are needed making 
a compact, more efficient unit. Also, paper 
interleaving of the strip cuts insulation 
costs while giving higher dielectric strength 
Costly impregnating and baking are elim 
inated and electrical connections simplified 


Chemical Coatings Protect Stee! Surfaces 


When Heat-treating at High Temperatures 


AncreLes—New chemical coat 
ings that eliminate the need for inert- 


gas or vacuum furnaces for much of 


Los 


heat-treating done at temperatures up 
to 2300 F have been developed by 
North American Aviation Co (NAA 
to protect steel surfaces. Since this 
temperature range is reached during 
honeycomb brazing, simplification of 
sandwich 
result 


production processes ma‘ 


PROPERTIES 


Under the generic but copyrighted 
SKALIX, four distinct 
compounds will be available 
through the marketing efforts of 
NAA’s Navon div with the following 
properties 

#1 is applied to stainless steels, 
it will give protection for 2 hr at 2100 
F and last indefinitely at 1050 F or 
below; is self-spalling when 


trade name 


made 


metal 
cools. 

#2 is for use with alloy-carbon 
steels, and has the same properties, 
but it can prevent decarburization 


during heat-treating of the material 
#3 is for super-alloys, lasts 15 min 
at 2400 F and indefinitely at 1200 F, 
but is not self-spalling, requiring rathe: 
While # 


ind #2 retain original finish of the 


im acid-dip for removal 


metal, there will be some discoloration 
f super-alloys, with the aid of a 15-sec 
icid dip surface, #3 loses | than 
one micron. 

#4 is used for multiple phase heat 
treating, also works as 
but 


| 
removal. 


1 forming lub 
ricant requires an acid-dip for 
It is expected that #4 will 
be applied to forging. If reheating is 
forging, th 
oating can be renewed by passing the 
metal through a hot fog. A 1-mil 
coat gives adequate protection so that 
heat loss when renewing the coating 
poses no problem 

Compounds will be manufactured 
by Rinshed-Mason, which already 
makes NAA’s Sabrex and produces the 
heat-conductive paint that helps to 
protect the surfaces of the X-15 re- 


search planes. « 


needed for progressive 
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US Still Lags Soviets in Space 
While Federal Red Tape Prevails 


Wasuincton—In the wake of Rus 
sia’s latest two moon shoots, Washing- 
ton is conducting some vigorous soul- 
searching over the space program. 
The new Soviet feats have under- 
scored the US lag in the space race- 
a lag which many experts doubt has 
been shortened in the two years since 
Sputnik I. 

Yet no mhassive spurt in spending 1S 
expected. The combined Pentagon 
NASA budget for military astronau 
tics, scientific space, ballistic missile, 
and other projects tied to space, 
amounts to roughly $3.5-billion now. 
Expenditures will be jacked up next 
year, but this will be the natural in 
crease planned under present sched- 
ules rather than a major boost to re- 
flect a new sense of urgency. 

While the space program has been 
hurt by budget limitations, Congress, 
which talks big about money for space, 
shares the blame. This year, for in 
stance, Congress cut NASA’s appro 
priation request by  $30-million 
There’s still no sign that either the 
Administration or Congress will be 
any more liberal next year 

Instead, attention is focusing on the 
bureaucratic angle. Persistent feuding 
between the military services and other 
Pentagon agencies and between the 
Defense Dept and the Civilian NASA 
many officials agree, is a key factor in 


the US failure to make faster progress 
in space exploration. 

At issue: control over specific 
projects, technical approaches, policy 
goals, budget allocations, and coordina 
tion of efforts. ‘This imvolves clear- 
ance of important decisions, selling 
proposals to a flock of authority-wield- 
ing bureaucrats, and the like—all of 
which have brought continual delays 
in the space program, delays which 
are not tied to the more obvious 
bugaboos of technology and mone) 

One important move was recently 
made to smooth out the bureaucratic 
machinery: the Defense Dept’s Ad 
vanced Research Projects Agency wa 
removed from the chain of command 
over military space projects. 

The Air Force has been given ful 
responsibility for development of the 
MIDAS early-warning and SAMOS 
reconnaissance satellites. It will soon 
get full control over development, 
production, and launching of all roc 
ket boosters for military space. 

The Navy has been assigned com 
plete control over development of 
the transit navigation satellite and the 
Army over the NOTUS  satellite- 
borne communications system. But 
a sticky situation remains: both 
services are still dependent on the 
Air Force for launching. 

ARPA will stay in business, limited 


First Extruded Multiple Hollow Shape 
apie 


Made in alloy 6061, the six-hole aluminum shape measures 24.190 in. by 2.485 in. and 


is extruded by Harvey Aluminum on a 12,000-ton press. 
Outside wall thickness is 0.250 and end wall 


unit and also as a supporting member. 


It functions os a conducting 


thickness is 0.312. Configuration was planned initially as a built-up aluminum section 
using sheet, plate and small extrusions. Redesigned as a one-piece multiple hollow, the 
extruded shape cuts manufacturing costs, eliminates detailed assembly, reduces weight 
and increases structural reliability. Large multiple hollow extrusions are finding necessary 
application in airfoil sections, missile bodies, missile landing equipment and decking 
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to “Advanced Research” in materials, 
solid. propellant rockets, scientific 
problems tied to ballistic missile 
defense, and other non-engineering 
fields. Presumably, this covers areas 
in which the three services are not 
now doing research 

The Pentagon shake-up does not 
affect NASA’s scientific space pro 
jects. The new civilian agency has 
already assumed control from ARPA 
over “Purely Scientific” space projects 
and will remain in charge of earth 
satellites, probes, deep space 
probes, and other astronautic work 
with no direct tie to weaponry, Thi 
includes the project to develop the 1.5 
inillion-lb thrust, single-chamber roc 
ket and other giant propulsion systems 

Meantime, the Air Force’s Research 
& Development Command is being 
reorganized. The objective is to pull 
back some management responsibili 
ties from industrial contractors and to 
build up as much “in-house” capabili 
Force 


lunal 


ties as possible within the Air 
itself. 

Washington's official response to 
the critical barrage about our lag in 
space is this: that in the purely military 
ispects of space—the development ot 
ICBMs—we are on a par with the 
Soviet Union. Russia has perfected 
far more advanced propulsion system 

a rocket engine producing at least 
600,000 Ib of thrust compared to ou 
best 360,000 Ib (the Atlas ICBM 
The official argument is that th 
smaller rocket is all that’s needed to 
fulfill the military mission 
ling an ocean-spanning missile 

his pat response is reflected in the 
neatly packaged organizational distin: 
the Pentagon's spac 
ind NASA's scientifi 
ith this arg 
attempt of 


ot propel 


tion between 
weapon project 
programs. In line \ ument 
is the 
pokesmen to pooh-pooh the military 
significance of Russia's inp 


rocket shoots to the 


idministration 


moon . 


British Engineers Slam 
Low Wage Rates 


British Engineers 
Guild—tepresenting all categories of 
British shocked 
by a survey on salary ratings into fore 


LONDON The 


engineers—has been 
casting a steady deterioration in the 
efficiency of industry unless something 
is done to boost earnings 


The survey, conducted by the gov 








THE ENGINEERING WEEK 





ernment’s central office of information, 
showed that 50% of 6000 members 
of the institutions of mechanical, 
civil and electrical engineers drew less 
than $3360 during 1955-56 financial 
year. 30% took home under $2800 
and only one in four rated higher than 
$4480. 

Engineers’ Guild admitted that real 
incomes since 1956 have improved but 
added that discrepancies shown up in 
the survey between what was required 
and what was offered in way of actual 
salaries “are so great that there is still 
a very long way to go.” 

Real sting comes in the alleged im 
pact of low salary scales on UK man- 
ufacturing industries ability to recruit 
and retain staff. (See PE—Nov 2, 
p26). For a long time its been a 
British gripe that technicians and 
scientists are lured to the US and 


Canada by high earnings obtainable 
there. Engineers’ Guild slams this 
point home by stating that between 
1954 and 1956 emigration rate among 
members of the four leading engineer- 
ing institutions was equal to just over 
9% of their net increase in member- 
ship. 

During 1955-56 period British engi- 
neers’ earnings are contrasted with 
comparable US figures of over $6300 
annually for 50% of the professionals 
at age 25, and $7700 at age 30. Only 
one US engineer in ten was earning 
under $4550 annually within ene year 
of graduation, it was reported in the 
Guild survey. 

Survey, published in latest issue of 
the guild’s journal, The Professional 
Engineer, shows that engineers in em- 
ploy of local authorities and public 
utilities were worst paid of all. & 


From Camera to Master to Copy 


Photographic system for reproducing all types of documents in quantities from 10-1000 
by making inexpensive paper masters for offset reproduction has been developed by 
Eastman Kodak Co. (For more on recent advances in printing, see PE—Sept 28, p 25). 
Called the Ektalith Method, it uses a standard copying camera to produce a 
master from any kind of original—printed, typed, written, opaque drawing or trans- 
lucent. Master can be either an enlargement, a reduction or the same size as original. 
Up to 10 copies can be made from the master without duplication. For use in room 
light, Kodak supplies a loader processor which can make masters up to 10 x 15 in. 
and another 15 x 20 in. for use with darkroom camera. Latter unit is designed for 


reproducing engineering drawing. 


Century 21 Exposition 
Opens 1962, Not 1961 


SEATTLE, Waso—A $9 million Con- 
gressional appropriation for federal 
participation has transformed the Cen- 
tury 21 exposition (PE—Aug 31, p 
22) into an international rather than 
a regional fair. Fair officials said the 
postponement to the spring of 1962 
was needed to give foreign exhibitors 
and American industry more time to 
prepare exhibits. 

About $5 million of the federal 
money is earmarked for construction 
of a huge Hall of Science; the re 
mainder, plus about $3.5 million more 
scheduled for appropriation by Con- 
gress next year, is to build advanced 
scientific exhibits and to operate 
them. Industrial and commercial 
exhibitors will spend an additional $15 
million on temporary _ structures, 
believes the Century 21 Exhibition 
Corp. City and state have raised $15 
million and have given another $16 
million in land, buildings, and 
facilities. 

The corporation now is seeking to 
finance a $5 million monorail system 
extending from the city’s central 
business district to the exposition 
site. Lockheed Aircraft Corp has 
been designated as the prime contrac- 
tor but lacks financing. s 


Japan Applies Control 
on Design this Week 


Toxyo—Hoping to rid Japan's in- 
dustry of design piracy, the General 
Conference Organization of the Japa 
nese Machinery Design Council has 
decreed that the Machinery Design 
Law will be enforced starting Nov | 

Starting with cameras and 8mm 
projectors, the announcements said 
the center will expand its activities to 
cover all machinery, including heav\ 
machinery, manufactured for exports 
(PE—Oct 19, p 28). 

Heretofore, machinery designs have 
been checked by Japan’s Machinery 
Exports Association, but not those of 
concerns outside the association. 

The center, headed by Kanoh Hiro- 
naka, president of Showa Aircraft 
Company, and operated on an annual 
budget of $111 million is planning 
further promotion of machinery in 
the future. ba 
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Largest Fiberglass Pressure Vessel 


Called an “air bottic,” this spherical object developed by Apex Reinforced Plastic Div 
of White Sewing Machine Corp, is largest pressure vessel ever made of fiberglass 


reinforced plastic. 


It is produced by “filament wound” process, weighs approximately 


a ton when empty, has ID of 51 in., an OD of 57 in. It will contain 10 cu. ft. of air at 
4,500 psi, for an additional 900 Ib. Release of the compressed air contained in the 
bottle is designed to produce enough force to lift a Polaris missile from the submarine 
to above the surface of the water where the missile’s own propulsion equipment will 


take over. 
bottle” to be 1,340,000 miles. 


Apex engineers calculate total length of filament used to moke the “air 


Acoustical Shell Sound Suppressor 
Developed for Gas Turbine 


SANTA Barpara, Carir — Develop 
ment of an acoustical shell sound sup- 
pressor for gas turbine engines, which 
virtually eliminates all objectionable 
frequency noise has been reported by 
Curtiss-Wright Corp’s Santa Barbara 
Div here. 

The lightweight sound suppressor 
shell does not affect the operation of 
the gas turbine, yet it makes the unit 
inaudible at 200 ft. In the 6800 cps 
and 2400 cps frequencies, the new 
suppressor eliminates up to 85% of 
the objectionable noise and is equally; 
effective in reducing low frequency, 
noise. 

Vital to the success of the sup 
pressor is Curtiss-Wright-developed 
Curon, a multi-cellular plastic material 
with outstanding acoustical properties, 
excellent thermal insulating character- 
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istics and decorative qualities. Curon 
wall and ceiling covering, which is 
available in 4 in. thick tiles and roles, 
is now being used extensively as a 
sound absorbing decorative material 
in commercial and residential appli- 
cations, and in many other specialized 
acoustical applications. 

South Bend Div is currently manu- 
facturing ground-run-up exhaust sup- 
pressors of lightweight construction, 
which are used in the testing of jet 
engines installed in Navy aircraft. The 
Research Div of the Corporation has 
also developed an inlet noise sup- 
pressor for jet aircraft which, for the 
first time, eliminates the high pitched 
whine of the compressor, emanating 
from the front end of the engine. This 
inlet suppressor can be used as a fight 
and ground suppressor. 


Al Casting Offers 
Efficiency, Economy 


Oakanp, Catir—A new process and 
equipment for continuous casting of 
aluminum slabs to permit supply of 
products, such as impact extrusion 
stock, at substantial savings in mate- 
rial cost to fabricators, has been de- 
veloped by Kaiser Aluminum & 
Chemical Corp. 

The development enables produc- 
tion of K-Slab with close dimensional 
control at high speeds in a variety of 
thicknesses, widths and lengths. Both 
K-Slab and slugs blanked from K-Slab 
are being supplied to impact extruders 
where a cast metal structure is accept- 
able. The company also supplies a 
variety of alloy sheets slugs and “rod- 
type” slugs. 

FORESEE WIDE MARKET 

Kaiser officials say use of K-Slab 
slugs for impact extrusions will permit 
impact extruders to enter new mar- 
kets and produce many new parts 
using slugs blanked from this econom- 
ical new product. 

Production tests show the slugs are 
suitable for a wide variety of thin and 
heavy wall tubes, cans, containers and 
many electrical, automotive, aircraft 
and industrial impact parts. 

K-Slab is being cast in thicknesses 
in the § to 2-in. range, widths of 6 
to 12 in. and lengths of 12 to 240 in 
in the 1100 series of alloys and the 
higher purity grades. 

The casting equipment and process 
were developed at Kaiser Aluminum’s 
Chalmette, Louisiana, Works and 
have been used to produce aluminum 
bus bar for electrical conductor on 
reduction cells at Chalmette, the 
Mead, Washington Works, and the 
company’s new Ravenswood, West 
Virginia, reduction plant. EC grade 
K-Slab is also available to manufac 
turers of systems incorporating elec 
trical bus bar 


VERSATILE DIMENSION 


The equipment has a high rate of 
production and versatile dimensional 
controls which are unique in continu- 
ous casting operations. Standard 
thicknesses are # and 4 to 14 in. in } 
in. increments. Standard widths, 
within the 6 to 12-in. range, are in 
increments of 4 in. Other thicknesses 
and widths are subject to inquiry. © 


a 








COMING EVENTS 


OCTOBER 


26-28 .. 
sociation. 
Mich. 


26-28 . . . . Office of Naval Research, 
Ist International Symposium on Gas 
Lubricated Bearings, Shoreham Hotel, 
Washington, D. C. 


26-30 .... Society of Photographic 
Scientists and Engineers, 1959 National 
Conference, Edgewater Beach Hotel, Chi 
cago, Tl 

26-30 . . . . Society of Automotive En 
gineers, National Transportation, Diesel 


Engine, Fuels and Lubricants Meetings, 
LaSalle Hotel, Chicago, Il 


. » National Fluid Power As 
Statler-Hilton Hotel, Detroit, 


American Society of Me 
chanical Engineers, Society of Mining 
Engineers, Joint Solid Fuels Conference, 
Netherlands-Hilton Hotel, Cincinnati, 
Ohio 


Armour Research Founda 
tion, Computer Applications Symposium, 
Hotel, Chicago. 


28-30 . . . . Society of Automotive En 
gineers, National Fuels and Lubricants 
Meeting, La Salle Hotel, Chicago, Til. 


29-30 .. . . Institute of Radio Engi- 
neers, 5th Annual Electron Devices Meet 
ing, Shoreham Hotel, Washington, D. C 


20-30 .... Metals 
Conference, Univ 
fayette, Ind 


NOVEMBER 


2-5... . American Institute of Min 
ing, Metallurgical and Petroleum Engi 
neers, 6th Nuclear Metallurgy Symposium, 
Morrison Hotel, Chicago 


American Society for Metals 
41st National Metal Exposition, Inter 
national Amphitheater, Chicago 


3-5 . . . . Institute of Radio Engineers, 
llth Mid-American Electronics Confer- 
ence, Kansas City, Mo. 


46... . Institute of Radio Engineers, 
National Automatic Contro] Conference, 
Sheraton-Dallas Hotel, Dallas, Texas. 


9-11 . . . . Institute of Radio Engineers, 
4th IRE Instrumentation Conference and 
Exhibit, Atlanta Biltmore Hotel, Atlanta, 
Georgia. 


9-11... . Steel Founders’ Society of 
America, 14th Technical & Operating Con 
ference, Carter Hotel, Cleveland, Ohio. 


12-14 . . . . American Society of Indus 
trial Designers, Planning by Design Con 
ference, Hotel Statler, New York 


16-20 .. . . American Rocket Society, 
14th Annual Meeting, Washington, D. C 


17-20... . Packaging Manufacturers 
Institute’s Show, New York Coliseum 


Morrison 


Purdue 
Purdue 


Casting 
Campus, La 


see me te lk a oe) a 


Where Credit Is Due 


To the Editor: 

We read with interest your quotation 
from Dr. Machlin’s paper at the American 
Chemical Society meeting (“Ductile 
ceramics: Another step forward”, Sept. 21, 
p. 14). Our interest was more than 
academic for Dr. Machlin was reporting 
on research he has conducted at the 
Materials Research Laboratory in con 
junction with our scientists, not work 
performed at Columbia University’s school 
of Mines as implied. We are very proud 
of this research, and most anxious to see 
that our scientists get the credit due them. 

—Suetpon Wenic President 

Materials Research Corp, Yonkers, N Y 


Schedule Faster Than Light 


To the Editor: 

While Raytheon is also a company that 
has schedule problems, we at least try to 
give our shops a fighting chance to meet 
their delivery dates 

I am pointing this out only because you 
created quite a chuckle in our section with 
the article, ““To Measure Progress,” Sep 7 
p 32. The sample schedule states: Fabrica 
tion—2-1-59, Delivery—1-1-59. Thanks 
for the laugh. —Harotp F. Bucxser Jr 

Raytheon Mfg Co 
Waltham, Mass 


Electronics Measures Columns 
To the Editor: 


This is in reference to your recent issue 
of September 7th, p 51 where you ask, 
why don’t they develop an electronic 
system for measuring mercury columns. 
This has actually been done very success- 
fully. McGill University had the problem 
of measuring blood pressure. They used 
1 standard mercury column to do the 
job that your reader has requested. What 
they did was to insert a fine platinum 
wire down the center of the column, and 
then measure the resistance between the 
mercury and the platinum. Since the 
platinum wire is of a comparatively high 
resistance, and actually a rather fine one, 
it was found possible to pass a fairly 
heavy de current throngh the system and 
to obtain a relatively high output in terms 
of fractions of a volt! 

-Harry SCHWARTZ 
Electrodesign 
Ottawa, Canada 


lo the Editor 

The system of capacitively monitoring 
1 mercury column has been effected by 
several companies, notably the Niagara 
Electron Laboratories of Andover, NY, 


which uses the trade name “Thermacap”. 
This unit can be used for temperature 
control, pressure control (manometer), 
level control and general motion control. 
L J Rocers 

Specia! Instrumentation Div 

Union Carbide Olefins Co 

S. Charleston, W Va 


Controlling Control 


lo the Editor: 

Reading your Aug 17 editorial, “Defend 
me from my friends ”" (p 45), re 
minded me of John Mill’s words on the 
evils of organization (On Liberty, pub 
lished in 1859): 

“Banded together as they are . the 
official body are under the constant temp 
tation of sinking into indolent routine, or, 
if they now and then desert that mill-horse 
of rushing into some half-examined crudity 
which has struck the fancy of some leading 
member of the corps 

In 1959, control for control’s sake (some 
prefer the term “professional manage 
ment”) is the general rule. Engineers are 
perhaps in the best position of any to undo 
this Cesncennsteliiie but instead they 
stand ever ready to put aside their hard 
earned education and join the ranks of 
the bureaucrats. —Ricuarp L. THOEN 

Minneapolis, Minn 


To the Editor: 

I want to compliment and congratulate 
you for your editorials in Propuct Enct- 
NEERING. They touch subjects that I have 
encountered in my work and contain truths 
that are being ignored in industry today 

Your editorial, “Defend me from my 
friends,” Aug 17, p 45, prompts me to 
write. I am a senior designer with 17 years 
in instrument work and 9 in heavy ma- 
chinery. I have been involved with missile 
components, design and working drawings 
These products were for the Navy, Army, 
and AEC. Some of the designs were made 
by subcontract and the companies involved 
had the production contract. The designs 
were OK for 1 or 2 units but not for 
production. The reason—theoretical not 
practical. 

When I raised questions or condemned 
certain things, I found out I didn’t know 
what I was talking about. I was stepping 
on someone’s toes or putting someone on 
the spot and wasn’t one of the boys. The 
answers were: Who are you? You're not 
a supervisor. You don’t have a degree. 
It is the company policy. 

Personally I believe the whole trouble 
is that there are more theoretical engi 
neers than practical ones and the ratio is 
increasing more every year. Industry and 
the public believes what they hear and 
not what they see. —Epwarp JACKLE 

Lodi, N] 
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1.. VANITY AND LAZINESS, BE SIMPLE 
2..BE POSITIVE, BE BRAVE 

3..BE PERSONAL, BE SPECIFIC 

4..BE CONCISE, DON’T OVERSTATE 

5.. VOCABULARY, GRAMMAR, PUNCTUATION 
6.. TABLES, FIGURES, CAPTIONS 

7.. WHERE TO PUT WHAT 

8..SIT DOWN AND WRITE 


steps to better 
engineering writing... 





RICHARD M. KOFF, senior associate editor 


Lesson... 8 


That first sentence is almost impos- 
sible to get on paper. You doodle, hem 
and haw, take a coffee break, look up 
a reference, and pretty soon it’s time 
for lunch. 

You’re in good company. There 
isn’t a writer in the world who gets up 
in the morning eager to rush to work. 

The problem is that writing requires 
a frontal attack—you can’t sneak up 
on it. Engineering problems are sur- 
rounded by so many small mechanical 
tasks—a report to read, a specification 
to check, availability of components 
or materials—that you drift deeper and 
deeper into the heart of a problem by 
slow stages. By the time you're ready 
to wrestle with the core, you're satu- 
rated with information, the mental en- 
gine is all warmed up, and momentum 
alone can carry you through. 

You should try to create the same 
atmosphere for writing. Reports are 
based on tremendous amounts of in- 
formation, most of which must be 
chewed over several times before a 
pattern appears. Hurry this chewing 
process and you'll wind up with poor 
reasoning, serious gaps, and plain bad 
writing in the report. 

Every report should have a message 
—one that can be expressed in a sen- 
tence or two. What are you really trying 
to accomplish? What is the best way to 
set out your ideas and data for this 
purpose? 

The moment of clarity, the percep- 
tion of a plan or design, finally comes; 
then the writing can follow your men- 
tal design just as an assembly drawing 
follows a layout 


OUTLINES AND FIRST DRAFTS 
Some people can't work without 

outlines; others can’t work with them. 

Some writers like the erasability of a 
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pencil draft; others can’t read their 
own handwriting. You must choose for 
yourself. However, a few techniques 
apply for everyone. 

Once started, write the first draft 
quickly. If you're writing fluently don't 
let interruptions break the chain of 
thought. The boss who wants good 
reports must give you the privacy 
to write them; don’t be afraid to tell 
him so. 

Don’t worry too much about gram- 
mar, phraseology, or punctuation in 
the first draft. Get your ideas on paper 
in logical order and leave the polish- 
ing for later drafts. 

Opening paragraphs tend to be 
pretty dull. When you're ready for the 
first revision, try tearing off the first 
paragraph or two and begin with para- 
graph three. 

Start unfamiliar ideas well back in 
familiar territory. The reader is not in- 
sulted when he reads what he already 
knows—he’s flattered. This applies only 
to technical derivations or the explana- 
tion of a technical discovery. 

Watch for your own boredom. It 
makes you skip essential links in the 
chain of reasoning. Writing is slow 
work and takes more patience than 
most people believe. Cut off a small 
slice of subject and give it the works 
Continue only if your interest and 
energy are strong. 

It’s a rare individual who can write 
well for more than an hour or two at 
a time. Take a break, go look out the 
window, think about something else 
for a while—and you'll come back 
refreshed. 

When you revise, put off the role 
of author and imagine yourself in the 
audience. Each paragraph, each sen- 
tence is new. It is clear? What does 
the author want to say? Could it be 
said more simply, more directly? 

As for the rest, the best teacher of 
writing is your pencil. 


A FINAL TEST 


rhe following paragraphs contain 24 
errors. Some are purely mechanical 
(punctuation, grammar, 
others are errors in expression. Nine 


vocabulary), 


professional editors caught 20 or more 
of the 24 errors. Can you do as well? 

The corrected copy is on the next 
page 


The four bar linkage has a 
nearly, but not quite, hypnotic 
affect on some engineers. Being 
that the elements are so simple 
the many different functions 
they can perform are very sur- 
prising. Four bar linkages are 


utilized in automobiles, fold- 
ing beds printing presses, and 
steam engines. They may be de- 
signed to closely follow a pro- 
scribed path in space to transmit 
a measured force, or to accu- 
rately solve a complex algebraic 
function 

Four links pivoted at their 
ends are the principle elements 
of a four bar linkage. Consider- 
ing one of the four fixed in 
space the motions of the others 
are measured relative to the 


fixed, unmoving link Between 
the changing lengths of the four 
links an almost infinite number 
of speeds, and paths are pos- 


sible for the two moving pivots. 


A reprint is available including oll 
eight lessons in this series. To get your copy 
circle P15 on the Readers Service Card 
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This is the corrected version... 


of the test on the previous page. Your grammar, vocabulary, 
and punctuation are above average if you can find 20 of the 24 errors. 


@ 


The four-bar linkage has a— 
arc almoadt 2D 
> hypnotic 


Affect on gome engineers. Being— 
nce. @ e, 


that athe elements are so simple 5 


CG 


the many different —" 

é) 
they can eee) are very sur- 
Pris es, Four~bar linkages are 


sean” automobiles, fold- 

¢? 

ing beds)printing presses, and 

may be de- 
@Me 

signed En a pré- 

D 
scribed path in space/to transmit 


steam engines. T 


a measured force, or to/accu- 


References for further reading: 


Fowler, H. W. Dictionary of Modern 
English Usage. Oxford University 
Press, 1937. 742 p. $3.75 


Hicks, 
Writing. McGraw-Hill 
1959. 294 p. $5.50 

Perrin, Porter G. Writer's Guide and 
Index to English. Scott, Foresman 
and Co, 1950. 833 p. $2.75 

Strunk, William Jr, and E. B. White. 
The Elements of Style. Macmillan, 
1959. 71 p. $2.50 

Style manuals or guides are available 

from most publishers. Style, in this 


Tyler G. Successful Technical 
Book Co, 


@3) 
rately \solve/a complex algebraic 


function. 
@ 


Four links,;pivoted at their 
al © 


ends, are 7 principle elements 


Gernsider= 
Ade Cons. dene Q 


sg in of the four,fixed in 


“@ Z a. linkage. 


space, = motions of the others 


are measured relative to the 
QO) 
ae link. Betweer 


a\the\changing; lengths of the four 
aD 


SES) 
links, an_atmost infinite number 


of en onl paths are pos- 


sible for the two moving pivots. 


sense, refers to the use of commas, 
capitals, spelling, and typefaces 
standardized for a magazine or book. 
If you are writing for publication, the 
editor should be able to supply you 
with the manual he follows. 


“The Engineer's Bookshelf,'’ Product 
Engineering, Mar 30, '59, p 45, lists 
a dozen general references for the 
engineer's deskside library. Almost 
600 best references in 22 specialized 
fields of engineering make up the bulk 
of this guide. Copies are still avail- 
able. Send 25¢ to Readers Service 
Dept, Product Engineering, 330 West 
42nd St, NY 36, NY. 
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News! The best features of 
modern bearing design combined and refined in 


SELF-ALIGNING ROLLER a 
BEARINGS BY LINK-BELT <a 


plus heavy, broad-shouldered in- 
ner race plus centrifugally-cast bronze, 
precision-machined retainers! Only 
from Link-Belt do you get ALL that 
is best in modern bearing design. 

Individually, these elements repre- 
sent major improvements on accepted 
design concepts. Collectively, they con- 
stitute the most efficient spherical roller 
bearings available . . . promise un- 
equalled economies, whatever the ap- 
plication. 

Your Link-Belt office will gladly 
explain the many performance advan- 
tages evolved with this new design. It 
can furnish full data on industry's most 
complete line of ball and roller bear- 
ings . . . pillow blocks and flanged, 
flanged-cartridge, cartridge, and take- 
up blocks. 


BS mirror-smooth convex rollers 


BELT 


MANUFACTURERS OF SELF-ALIGNING 
BALL AND ROLLER BEARINGS 


LINK-BELT COMPANY: Executive Offices, 
Prudential Plaza, Chicago 1. Plants, 
Sales Offices and Distributors in All 
Principal Cities 14,8194 


— 
a 


S 


BIG, HIGHEST-CAPACITY ROLLERS. Each HIGH, HEAVY INNER RACE FLANGES PRECISION-MACHINED, CENTRIFUGALLY- 
bearing has a maximum number of rollers present convenient hold for assembly and CAST BRONZE RETAINERS have many times 
as large as possible, yet all components removal of bearing without cutting away more support and ability to withstand 
are in optimum balance shaft, avoid any need to skimp on shaft high stress. They are not stampings. De- 
shoulders. sign assures maximum bearing efficiency. 


PRODUCT ENGINEERING - OCTOBER 26, 1959 CIRCLE 45 ON READER SERVICE CARD 45 





SNAP-ON FASTENERS [or 
covers and quiet roller wheel 


accordion-door 
made of 
Zyret, which provides resilicncy and resist 
impact and abrasion. (Molded by 
Baraboo, Wis 
Hough Mfg. Corp., Janesville, Wis.) 


ire 


ance to 


Flambeau Plastics Corp., for 


SPROCKET FOR TIME CLOCK has high 
Strength, high fatigue-endurance limit, light 
weight. Injection-molded of ZyrTet, it cuts 
costs, simplifies assembly. (Molded by Hamil 
ton Plastics Molding Co. for Cincinnati Time 
Recorder Co., both of Cincinnati, O.) 


SAND SPIKE fishing-rod holder ts 
ol 


made of 
ZyrTev. It is 
tough, corrosion-resistant and light in weight 
(Molded by Du Bois Plastic 
Buffalo, New York, 

Brooklyn, New York.) 


two parts orange -colored 
Products, 


The 


Inc 


for Ghebe Co 


OUTBOARD-MOTOR PROPELLER, made of 
Du Pont ZyrTeL, is tough, durable and non 
in water. It adjusts its 
pitch automatically. Use of ZyTEL makes pos- 
sible considerable (By 
Brothers, St 


POWER-MOWER THROTTLE is 
Du Pont ZyrTet 101 


advantage of this resin’s toughness, wear re 


ot 


taking 


moldea 
in several colors 


corrosive even salt 


sistance, chemical resistance and light weight 
(By Western Control Corporation, Wichita, 
Kansas.) 


cost Grish 


John, Indiana.) 


Savings 


SPINNING REEL operates smoothly, is ex 
ceptionally light in weight, easy to handle and 
durable. Almost all parts are molded of 
Du Pont ZytTet. (Molded by Plano Molding 
Co., Plano, Hll., for Waltco Products Incor- 
porated, Chicago, Illinois.) 


“SQUIRREL-CAGE" BLOWER is used in re 
Made of Du Pont ZyrTe t, this in 
tricate, thin-walled molding has high strengtt 
by 


irigerators 


and 1s unaffected the low 
(By Torringtor 


Torrington, Connecticut ) 


temper itures 
encountered Manufacturing 


Co 


POSTS for loose-leaf binders that hold bus: 
ness records are made of tough, flexible ZyTex, 
easily threaded into holes 


AIR PUMP [or 


Dushings and cama 


aquarium has molded cap 
i 1 Du Po 
ZytTeL. These parts offer high strengtt 


abrasior 


ctuator made ¢ 
The posts permit 
greater sheet Capacity 
posts of other 


flatter opening than 
(By Wilson Jones 


make possible econo 
(By Danner 


resistance 
materials 
Co., Chicago, Illinois.) 


mies if 
Brooklys 


production 
New York ) 


ugene 








Design advantages of ZYTEL nylon resins 
demonstrated in wide variety of applications 


Versatile ZYTEL nylon resins offer the de 

‘ner a combination of properties that 

1 be used to improve the performance 
and lower the cost of almost any mecha 
nism. The high strength, abrasion resist 
ance and low friction of ZYTEL make it 
an outstanding gear and bearing material. 
It 


in be economically injection-molded in 


resistant to heat and chemicals. It 


with 
The 


ma 


itricate one piece Col hgurations 


moldings held to close tolerances. 


result: reduction Inspection cost 
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terial cost, fabrication cost, 

Many molders have the experience 
supply you with parts of ZYTEL nyk 
resin in quantity to your exact specific 
“De 
signing with ZYTEL nylon resins”, write 
te: &. &. Pont de Nemours & Co 
(Inc.), Department I-10, Room 25072 
Nemours Building, Wilmington 98, Del, 


tions, For your copy of a booklet, 


POLYCHEMICALS DEPARTMENT 
du 


In Canada: Du Pont of 


P.O. Box 660, Montreal 


Canada | 


Quebec . 
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213,149,873 
cycles 


M “a... \ 
~~ en 


Test proves reliability of P&B’s LS telephone type relay 


These 16 LS relays, wired into a self-cycling chain, each operated 213,149,873 
times before the test was discontinued. This test was made for a nationally 
prominent manufacturer and the certified results are available upon request. 

Here is proof of the inherent reliability of P&B telephone type relays. . . 
and of the kind of performance you can expect when you specify them. LS 
relays are available with up to 20 springs (10 per stack) and are adaptable for 
printed circuit mounting. 

Whenever multiple switching of loads up to 4 amperes is required, the LS 
can usually meet space, weight and—importantly—price considerations. Get 
full information today by calling or writing Zeke R. Smith, vice president, 
Engineering, or contact your nearest P&B representative. 


LS ENGINEERING DATA 


GENERAL: COIL: 
Breakdown Voltage: |,000 volts rms 60 cy Resistance: 55,000 ohms max. 
min. between all elements Power: 65 mw DC per movable standard 
Ambient Temperature: —55° to +85° C (50 mw possible); 3.5 wotts max. ot 
Weight: 3 to 4 oz 25°C 
: - z ° ° we 
Dimensions: 1% W.x 2% Lxlf” i Voltage: Up to 200 volts DC. 
(4 Form C) 
Enclosures: Sealed or dust cover (W can) 
t 
Sealed or dust cover, up to 6 Form C, TERMINALS: 
single contacts (D can) 
Mountings: Four #6-32 topped holes %" x Centacts: Three #18 AWG wires. 
%" o.c. Other mountings available Coil: Three 420 AWG wires. 


CONTACTS: Available with octal plug, taper tabs or printed 


i it pins, 
Arrangements: 20 springs (10 per stack) max a 


Material: s" dia. twin palladium. Other ma- 
terials available for specific appli- 
cations. PaB STANDARD RELAYS ARE AVAILABLE AT 


Lead: 4 amps @ 115 volts 60 cy. resistive. YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


TS RELAY 

Short coil relay is available 
in AC and DC versions. Long 
life construction. Can be sup 
plied (DC) with up to 20 
springs (10 per stack 


GS RELAY 


Excellent sensitivity: 50 mw 
per movable arm minimum 
(DC For applications re 
quiring many switching ele 
ments in small space 


BS RELAY 


Long coil provides high sen 
sitivity (25 mw per movable 
arm) and room for slugs for 
pull-in delays (150 milli 
seconds max.) or drop-out 
delays (600 milliseconds 


LS DETERMINATION DATA 

Send today for booklet con 

taining certified results : 

of recent test described above 4 

Data includes test circuit : 

interim and final measurements 4 
; 
. 


. 
Preece Tec ITI) 


G@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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"= Two precision ball 
bearings, one con- 
centric within the 
other, are periodi- 
cally rotated in 
alternating directions 
during operation— 
thus reducing ran- 
dom drift to 0.25 
degree per hour. 


Photo: courtesy Sperry Gyroscope Co. 


1200% Gain In Gyro Accuracy 
With "§&y Boll Bearings 


CUSTOMER PROBLEM: 


Get new, advanced gyro bearing design “off 
the board” and into production. Sperry Gyro- 
scope Company, in developing its new Rotorace 
(TM) gyro, designed a special bearing capable 
of “averaging out” error-producing effects of 
friction on sensitive gyro gimbals. Ren manu- 
facturing techniques would be required to 
achieve high degree of precision required by 
Sperry design. 


SOLUTION: 


N/D Engineering, when approached by Sperry, 
created special manufacturing techniques for 
the high precision production of these unique 


iggy-back gimbal ball bearings. Used in the 

otorace design, the bearings helped achieve 
reduction of the gyro’s random drift rate. The 
2 or 3 deg. per hour drift, recently considered 
very good, is now cut to as little as 0.25 deg. 
per hour, with still lower rates in sight. Another 
example of New Departure’s ability to meet 
exacting instrument bearing requirements 
through broad engineering experience and pre- 
cision manufacturing techniques. 


For immediate engineering analysis of your 
current high precision instrument and miniature 
ball bearing problems, write Dept. L.S., New 
Departure Division, General Motors Corpo- 
ration, Bristol, Connecticut. 


Res 


™- EVs Co ee 
BALL & ARIN GS 
proved reliability you can build around 
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the age of 


GOOFING 
OFF 


October 26, 1959 


Recent experience with the Atlas missile illustrates a problem of 
increasing importance—the problem of obtaining components of 
adequate quality. 

You may recall from the newspaper reports that after five fail- 
ures, engineers predicted and proved that the difficulties centered 
in a particular hydraulic valve. While in design and character 
istics it appeared to be suitable for the application, the actual 
commercial product did not have high-enough reliability. Be 
cause missile priority is very high and costs can be subordinated 
to quality, it was possible to go back to the valve manufacturer 
and have him make and assemble several valves by hand. With 
these installed, successful firings were mad 

There are dozens of other examples of the same problem in 
our missile and space programs. Reliability requirements are 
so high that usual commercial components are not good enough 
to meet them. Special components must be fabricated to do the 
job. In other words, we have come full-circle from the one-hoss 
shay to mass production and back to the one-hoss shay. 

This would be nothing to worry about if it were limited to 
missiles, but it isn’t. As capital-goods products become morc 
complex, they require higher reliability from each of the many 
more components in the system for them to function at all, 
much less to function well. Hence the necessity for better qual 
ity and closer tolerances on all sorts of parts. 

In the recent design of a tape-controlled press, for example, 
engineers found that components expected to be available off 
the shelf simply were not. ‘To get one particular rack and 
pinion with a rack accuracy of +0.002 in., in 105 in., it was 
necessary to go to Switzerland. 

Many other components had to be made by the press builder, 
or at least reworked to the required accuracy. It was necessary 
to set up an elaborate testing program to evaluate purchased 
parts, even though they were guaranteed to be within certain 
specifications. For example, a pillow block might have had 
bearings well within the required tolerances, but bolting pads 
of the block itself were not machined properly, so the bolted 
down pillow block was forced out of line. Or the miniature 
precision switches, in which costs bore no relationship to either 
precision or reliability—the middle-priced one turned out to be 
best. The only reason such switches were bought, in fact, was 
because no suitable rotary actuating switch could be purchased, 
so the press builder had to make his own 

In the face of demands for increasing precision, we can’t even 
hold our own. As someone said the other day, we seem to be 
in an “Age of Goofing Off,” in which most work is careless 
Limitations have been set on the amount of work that can be 
done, the speed at which it can be done, and even on the interest 
a man can take in his job. There is no craftsmanship in mass 
production and little of the traditional pride of workmanship 
that accompanied it. As a result, products are hopelessly inade- 
quate for any exacting jobs they are expected to do 


heey rae 








new technique calculates 


PRESSURE LOSSES 
IN PNEUMATIC SYSTEMS 


The author shows how to simplify calculations for pressure drops of 


components in series. His nomograph method is an extension 


GIL RISKE, senior engineer 
Hannifin Co, Div of Parker-Hannifin Corp 
Des Plaines, III. 


ao simplified technique has come to the aid of design 
engineers who want to cut through the confusion of 
methods for estimating pressure losses in air systems. 
I'he methods have been so numerous that choosing 
among them was a job in itself—-many engineers have 
preferred to ignore them all and rely upon rule of thumb. 

he situation brightened a few years ago when the 
National Bureau of Standards began developing its new 


of the helpful National Bureau of Standards’ “Flow-factor”’ 


technique previously described for our readers. 


VP*, — P*,. The derivation of that equation and related 
equations is given in “Origin of Method,” below. But 
a drawback is that the final NBS equation, relating 
F-factors for components in series, is cumbersome—dis 
couragingly difficult for the engineer who does not often 
face air-system problems. A simplified version—introduc- 
ing a special M-factor—has eliminated some of the com 
plexity, and is the basis for the labor-saving nomog1 iph 


flow-factor equation: flow in standard cfm F 


The author's graphical method is de- 
veloped from National Bureau of Stand- 
ards tests and equations (see “Pressure 
Drop in Pneumatic Components and 
Systems,” Mid-Oct '54, p J-2). Here are 
excerpts from that article: 

Flow through a restriction (such as a 
valve or fitting) tends to obey this equa 
tion: scfm = constant x ¥ P*> —P* 
where the constant depends on passage 
configuration, friction, and inlet tempera- 
ture; P, and P, are upstream and down- 
stream pressures, psia. Scfm is actual 
flow in cfm converted to “standard” con- 
ditions—14.7 psia, 68 deg F. Although 
the equation does not represent isen 
tropic flow, and assumes considerable 
loss in stagnation pressure, its convenient 
mathematical form simplifies manipula- 
tion. And the error will probably not 
exceed 5 to 10%. Test results can be 


/P. 


p 
pslo/ psia 
I 


Stondord cfm 


V4/3 


plotted in 3 ways, shown below. Curves 
in graph A are flow data in scfm for a 
typical valve. Curve B is from same 
data but converted to single curve by 
dividing by upstream pressure. Curve C 
is from same data, further converted to 
“normalized” form by dividing by a de- 
fined flow factor, F, that is a measurable 
quantity. 
Flow factor, F is the ratio, 

flow, scfm 

Py, psia 
measured at the special condition of 
max (choking) flow (P,/P, = 0.5). The 
constant in the flow equation equals F x 
V 4/3, therefore the normalized equa 
tion for curve C becomes 


scfm 
Pu XF 
Components in series can be handled 


= V¥4/3 x V1 — (Pp/Px)*. 


AC 
psio/psia 
I 


and charts accompanying this article 


by a combined flow-factor equation, 
based on the normalized equation, that 
eliminates all but the individual flow 
factors. As an example, a system with 
three components in series {flow factors 
F,, F, and F,) will have a combined flow 
factor 
Petes = 
F.XFiXF; 
Vv (Fi XF2)?+ (FP: XP)? + (Ps XP)? 


SIMPLIFIED EQUATION 


Mr. Riske has in this issue simplified 
the final NBS equation by defining a 
new factor, M, that can be handled as if 
it were an equivalent length of pipe—or 
as a multiple of a given “unit length” of 
pipe. His equation is 

Fe 
VM, + M: + M, 
where Fx is any flow factor chosen as a 
reference (it can be F,, for the first com- 
ponent); and where M,, M,, M,—there 
can be any number—equal (F;/F,)’, 
(F,/F,)° and (F,/F,)* respectively. 

The M-factors can be added together 
directly, and it is possible to convert all 
flow restrictions (valves, fittings, hose) 
into equivalent lengths of pipe, or vice 
versa. The entire series system or any 
group of components in series can thus 
be treated as a single restriction that 
obeys the NBS flow equation given 
above. 


Fs = 





DESIGNING A PNEUMATIC SYSTEM 


Three steps—demonstrated in the example on next 
page—are usually enough to solve an air-system design: 
(1) Determine component flow resistances in consistent 
units, and add them; (2) calculate minimum pressures in 
each section by starting with final air-using devices and 
working in direction opposite to air flow; and (3) deter- 
mine actual section pressures by starting at supply and 
working in same direction as air flow. 

Here are some tips for the first step: 


Equivalent pipe lengths, substituted for all fittings, 
components and other restrictions, will simplify pressure- 
loss calculations. Although some manufacturers of fit 
tings and components list equivalent pipe lengths in 
their catalogs, many do not. However, flow-restriction 
data in some form or other are usually given, or can be 
gotten from simple tests. The charts and nomograph in 
this article will help convert such data to equivalent pipe 
lengths. Here are examples: 

The NBS flow factor, F, if known, can be substituted 
directly into the nomograph, Fig. 1, giving equivalent 
pipe length. These lengths can be added together when 
the assumed diameters are the same. 




















$$ 8 




















wn 





Equivalent pipe length, ft 
w Ss 


~ 


























‘Nominal pipe dia, in. (Schedule 40) 
Known pressure loss in psi for a given flow and length 





Flow-factor, F .. . 
is related to equivalent pipe length as well 
1. .Solving for Flow-factor, Pipe Length as actual pressure loss in this combined 


and Pressure Loss > nomograph. 


Scales A, C, E, F: For equivalent pipe 
length, draw a straight line from flow 
factor, column A, to nominal dia of sched- 
ule-40 pipe, column £. Read unit flow 
factor (for 1 ft of pipe), column F; and 
equivalent pipe length, column C. Scales 
A, C, E, F will also work as a pipe-size 
conversion calculator. For example, to con- 
vert equivalent length from 34-in. pipe to 
%-in. pipe (both, schedule 40), assuming 
same flow factor, column A, merely shift 
right end of guide line from 34 to ¥% mark 
on column E, and read new length on 
column C. For other pipe schedules, inside 
diameters will be different. Therefore enter 
actual ID (from a pipe catalog) on Mig.3, 
read unit flow factor directly, then sub- 
stitute in nomograph, column F. 

Scales A, B, D: To find pressure loss 
draw line from desired point on column A, 
intersect expected flow, column B, and read 
value for \/P*, — P*», column D. To solve 
for P, and P,, easily, see Fig. 4 

For larger than 212-in.-dia pipe, same 
nomograph will work: Just multiply all 
values in columns A, B and F by 100. The 
new diameters in column E should be writ- 
ten in next to column F as follows: 2/2 at 
3.75 x 100; 3 at 6.6 x 100; 4 at 13.7 x 
100; 5 at 24.2 x 100; and 6 at 38.8 x 100. 
In all functions, nomograph will work as 
before. 
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of hose or pipe can be quickly con- 


3.. Unit Flow Factor for Tubes and Pipes verted to flow factor F by substitution 
in the NBS flow equation, scfm 








1 000 4/3 x F x VP*c — P*, where P, 
" ann f 
800 








and P, are upstream and down- 
stream pressures, psia. Fig. 4 solves 

















VP*, — P*, graphically. 




















Capacity coefficient, C,, given in 
some catalogs, is used in a different 
it-flow equation 




















S 

















9990 12x|(Po— Ppo)Po 
scfm 22.1C V _ : 7 : 


where pressures are in psia, and T is 





| 
4 











4. 





. ss 
——— ’ 


temperature in deg Fahrenheit. C, 

0.088 \/480 + T x F for the case 
when P,/P 0.5. For air at 70 
l'ahrenheit, C, 2.07 F. Solve for 
factor F, then substitute directly in 


























nomograph as explained in previous 





——4——+—4-+ 4 +4 
io Se ee 





paragraph. 


Didien 





Steps 2 and 3 depend on the nature 
of the air-flow problem. The follow 
ing example is typical 





Sane 


4 


4. -+—- 
=e 
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EXAMPLE—ADDING A BRANCH 





The system schematic shown has 








Fara evew | | | x two existing branches. The problem is 

Qi Om 2 to add a third branch to drive an air 
1D of tube or pipe, in motor without disrupting performanc: 

of the original branches. The ait 

motor requires 18 scfm at 90 psig 





nlet pressure. 
The problem’s solution is divided 
uto the three steps discussed previ 
usly. Each step has an accompanying 
4.. Gage Pressures Converted to Values for \p,* — Pp, table to summarize the results. Not all 
the computations are included, be 
1 ee oF [rT 7] cause much of the information is 
Sample 4 : - - +—+—++ taken directly from manufacturers 
R100 psig (1147 psia) catalogs and is too lengthy to reprint 
here. Leakage is neglected, but ma’ 


6-90 psig (4047 psia) at oe | comprise 5 to 10% of flow in an actual 


ioe 


ee  psia,s | | gam eee tH | system 
Viner" nar - 
! STEP 1 Determining flow resistances 
in terms of equivalent pipe lengths. 
Data for hose, lubricator and filter ar: 
from catalogs. For example, the lubri 
cator section in the new branch has 1( 
ft of 4-in. hose. Manufacturer’s catalog 
states that pressure drop will be 1 psi 
if inlet is 100 psig and flow is 18 scfm 
Flow factor, found by substituting m 
NBS flow equation, is about 1. The 
pressure regulator has a variable flow 
factor, depending on position of valve 
element. The existing branches have 
known equivalent lengths, and need 
not be discussed. Equivalent lengths 
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5. .Schematic for Example 





ee 
, 
Air ; Compressor i 


supply receiver y) 


— 


GIVEN CONDITIONS FOR THE EXAMPLE: 





Section pipe dia, in. equiv. pipe min P, psig 
length, ft in out 
Va 65 116 11 


Yr 27 WI 110 
Va 35 109 








Yr 54 105 
110 
% 22.7 97 
mfr. specifies 97 psig inlet, min 
% 61.2 


tmos | air motor — varies with load (req'd) 


18 


a aus @ WNW 





of fittings for new branches are read Existing Equivalent Equivalent Equivalent Equivalent 
lirectly from Fig. 2. C f section: pipe dia., in. length, ft pipe dic., in. length, ft 
are y om ig. é. onversions from (from schometied ioetdatedlh 

one pipe dia to another are made with Bto 3 / 54 16 


/ 
cales A, E, C, F on the nomograph 3to 2 / 35 converted 2 
7to2 27 to 


7. 
. — f 4. 
STEP 2 Calculate minimum pressures. 2to1 65 


Che table of results below shows ap Flow, Pressure, psig Flow Equiv. Equiv. 


proximate values. Note the two values Restriction scfm supply loss factor,F dia.,in. length, ft 
for P, and two for P,. This is because | 3 8-in. hose, 10 ft 18 100 | ! 3/8 30.0 

two separate branch calculations were 3/8-in. coupling / ©. 
made to each tee. Choose the higher 
pressure in each instance so that both — 
branch requirements are satisfied. The 61 

values in flow-factor column are ob 
tained by locating pipe size and length 
m scales E and C of nomograph, then 


8 
3/8-in. lubricator 18 100 1 | 8 30.0 
8 


3/8-in. nipple, 1/3 ft / 0.33 


1/2-in. nipple, 1/6 ft 

3 /8-in. filter 35 80 2 
1/2-in. to 3/8-in. run of tee, reduced 
reading A. Quantity \/ P* P*, is 1/2-in. pipe, 30 ft 

ead from scale D of nomograph, with 1/2-in, elbows (2) 

, 4 2 graph, 3/4-in. to 1/2-in. run of tee, reduced 
values for F and scfm located on 


scales A and B. Upstream pressure, P,., 76.15 
can be read from Fig. 4 since \/P*, — 
P and downstream pressure, Pp, : STEP 2 
- Equiv. Equiv. Flow 

dia., length, factor, Flow 
STEP 3 Determine actual pressures. i in. ft, F scfm WPo* — Pp’, psia Pp, psig Pu, psig 
Working from receiver pressure, the 
pressures are recalculated with same % 61.21 0.69 18 22.5 Po= 9 Py = 92.5 
harts and nomograph to give values 
qual to or higher than minimum re Flow regulator —consult flow-regulation chart for pressures P 92.5 P, = 97 
juired (next page) 


(Total equivalent length of section 4 to 3 converted to 3/8-in. pipe: 22.66) 


Y% 22.66 1.14 18 13.8 P,=97 P, =98 


\lternate Solution—-by parallel net Yy SA 50 30.75 P, = 105 P, = 109 
vorks 

It is possible to hypothetically di 
vide the flow in the main header into 
three streams, and assume each goes WI 
from the receiver to one of the ad 
branches without interruption of flow 


35 68 P, = 109 P, = 110 


65 
CONTINUED NEXT PAGE 
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Equivalent Equivalent Flow 
pipe size, length, factor, 
Section in. ft. F VPy? — Pp?, psia 


1 to 2 % 65 2.64 34.5 


Py, psig psig 
P, = 116 11 


2107 Y 27 1.93 35 15.7 P, = 111 110 


2 to 3 A) 35 3.55 68 16.7 P, = 111 110 


3 to 8 Ya 54 1.36 50 30.75 P,; = 110 106 


3to 4 % 22.66 1.14 18 13.8 P, = 110 109.7 


4to 5 Flow regulator—consult flow-regulation chart for pressures P,=109.7 P, = 92.5 


5 to 6 % 61.21 0.69 18 22.5 P,;=92.5 P.«=90 


flow, F = 1.28; and the top has 18 scfm flow, F = 0.46. 
The flow factors added together still equal 2.64—the pre- 
vious total value. And row each complete parallel section, 
from receiver to air-operated device, can be solved without 
trial and error by determining total flow factor, computing 


P, with help of Fig. 4. 





Compressor 
receiver 





For REPRINT of above article, just check P18 on one of the 
(2) Reader Service cards bound in this issue. 











EDITOR'S NOTE: Two previous articles combine with the above 
The parallel method, sketched above, works because one to help solve the riddle of how to calculate pressure drops 


flow factors divide up exactly in proportion to percent of Pressure Drops in Pneumatic Components and Systems 


total flow assumed for the hypothetical stream. And each 
of the three parallel systems can be calculated by itself as 
an independent series system, without the worry of match 


Mid-Oct ‘54, p J-2, is excerpted and discussed, p 50, as part 
of the above article 


Pressure Drops in Air Valves, Apr 14 ‘58, p 74, gives a 


ing mixed flows ahead of tee 
For example, section 1-2 now has three paths. The 
lower has 35 scfm flow, F = 0.9; the middle has 50 scfm 


summary of most known methods to calculate pressure losses, 
featuring a simplified K-factor that gives answers directly in 
static pressure 


New Way To Evaluate Sheet Steel 


Av outgrowth of a long-term research 
program on crack propagation at Naval Re 
search Lab is a fracture-transition test, for 
flaw-sensitivity and weldability, that’s said 
to be fast, simple, and inexpensive 


Drop Weight, 


While making crack-propagation studies 
J. W. Srawley and C. D. Beachem NRL 
noticed a sharp change in sheet-steel frac 
ture appearance as temperature dropped 
that seemed a meaningful criterion of 
Result was de 
velopment of a fracture-transition index 
ind the “bulge tester’’ pictured here 


sheetmetal performance 





lhe testing device uses neoprene rubber 
heeting much the same as in hydrostatic 
forming—as a noncompressible medium to 
transmit fracture-producing force of an 
mpact. To establish the ind®x, tests are 
uade at various temperatures, and the 
point of sudden change in degree of frac 
ture is noted. For the specimen pictured, 
the point occurs between the two shown 


Metal tester . . . has a dropping weight that forces die against rubber plate, 
causing rubber to bulge upwards, squeezing against specimen, and causing 
it to fail at point of previously introduced, centrally located defect. Extent and 
size of crack indicate degree of sensitivity at the test temperature. Photographs 
at right show samples from one sheet of steel tested at two low temperatures. 
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A PRODUCT ENGINEERING SPECIAL REPORT 


STRUCTURAL MODELS— 


they preview stress and strain 


Designers of machines and components—anything from bolts 
to bulldozers and reactors to kitchen ranges—have stolen a 
trick from the civil engineer's tool kit. If these models will 
work for bridges and buildings, they can be equally valuable 
for missile-design and metallurgical tests, say mechanical engi 
neers 

A structural model is more than just a scale reproduction 
that behaves like the proposed design. It is a proving ground, 
a place where you can afford mistakes, a design stage where 
major changes can be made and tested in just a few minutes 
These inexpensive replicas fill the gaps between theory and 
application, give quick answers to complex problems that would 
be difficult to solve with pencil-and-paper methods 


Why a new interest in this old performance-measuring tool? 


© Weight and size limits—particularly in the aircraft and mis- 
sile field—prohibit wasteful safety margins Parts must be 
just as strong as they need be, no more 


© Complexity, both in parts and types of loading, makes stress 
analysis much more difficult. Classical theory is based on a 
number of simplifying assumptions, is not sufficiently accurate 


© Reliability specifications demand that parts do not fail—no 
room here for guesswork 


These factors have so much importance today that scarcely 


any machine is constructed without a model to lead the way 


But how do you design a structural model? With 

what materials do you build it? And then how do you test 

it? Here’s our report in_three parts—each by an 
experienced model analyst from the Mechanical Engineering 
Department of Battelle Memorial Institute. 


"st" Theory of Similitude 


DR. RALPH SIMON 





These relationships assure that the model acts like the real thing. 


rest "Building the Better Model 


RAYMOND G. CARLSON 


Unique properties of these common materials will give better models. 


rant" The Model at Work 


CHARLES W. BERT 


How to apply loads and measure their effects. 


Copyright 1959 by McGrow-Hill Publishing Co Inc 











I—DESIGNING THE MODEL 


Theory of Similitude 


It lays down the relationships and conditions that must be met if 


your model is to behave like the real thing. 


This mathematical helper can be put to work on a wide variety of practical problems. 


Dr RALPH SIMON 


Tirere’s more to modelmaking than simply multiplying 
all linear dimensions by the same scale factor. Suppose 
you build a model locomotive, scaled down to the point 
where a loop of track can be put on a table top. You 
will find it can no longer pull as many cars as the real 
engine, without spinning its wheels. Or look at this 
problem in reverse. If you construct a large man-carrying 
glider, similar in every detail to a small folded-paper air 
plane, it would plummet like a stone. 

Some critical relationship has been destroyed. <A 
moment's reflection will show what. Although linear 
relationships remain in scale, areas change as the square 
of the scale factor, and volumes change as the cube 
Assuming the same material for both the model and the 
full-size item, the locomotive that is one-hundredth 
actual size weighs only one-millionth as much as the 
real thing. Even if the enlarged version of the glider 
has a wing area 900 times greater than the model, its 
weight is 270,000 times as much. 

Such dilemmas you face when predicting performance 
of a proposed design from measurements on a model. But 
you can call in a helper. It’s the theory of similitude 
the discipline that relates similar, but unlike, svstems 


CONDITIONS FOR SIMILARITY 


Lhe simplest form of a model is the scale drawing 
Although this is not a model in the usual sense (it has 
only two dimensions) it is nevertheless a common design 
tool for graphically analyzing the motion of a complex 
linkage, for example. As such, it is a model—it accurate; 
represents motion of the proposed linkage. Any drafts 
man knows that if all dimensions of the actual linkage are 
drawn to the same scale, the two systems will be similar 
Why? Because the ratio of any two lengths in the actual 
mechanism, a/b, is equal to the ratio of equivalent 
iengths in the model, a,,/b,, and the pertinent angle 
in the model equal those of the full-scale mechanism 
But neither the angles nor the ratios of lengths hav: 
any physical dimension. This, then, illustrates th: 
fundamental theorem for similarity between systems: 

The numerical value of all dimensionless combina- 
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tions of the significant variables in the actual system 
must equal those of the model. 

How many independent dimensionless combinations 
ire there? The familiar Buckingham Pi theorem from 
dimensional analysis gives the answer. If there are p 
critical quantities (lengths, forces, velocities, accelerations, 
stresses, time intervals, densities, etc.) and these can be 
expressed in q basic physical dimensions (the usual fun 
damental dimensions for engineering work are force I 
length L and time T) then there are p minus q inde 
pendent dimensionless combinations. If, in the example 
above, the linkage mechanism could be described in 
terms of four lengths and two angles, there will be six 
quantities involving only one physical dimension, length 
Angles, of course, have no physical dimension. 
rherefore there are five dimensionless combinations that 
must be equated to insure similarity of the systems 
1./I,, 1/1, 1/1, a1, as. 

The theorem of similitude applies equally well to sys 
tems which, in addition to linear dimensions, have loads 
stresses, velocities that must be modeled. The first step 

-and the hardest—is to find those quantities that are 
important in the actual system. Not all quantities need 
be reproduced—only those that affect the properties 
being tested. From these, the Buckingham Pi theorem 
tells how many independent dimensionless combination 
must be equated to preserve similarit 


PROPORTIONAL STRESS AND STRAIN 


Suppose you want to find the stress in a simple rectan 
gular cantilever beam, loaded at the end. You build 
model in which all linear dimensions are reduced by scak 
factor k. (In this report, a scale factor smaller than | 
indicates a reduced-scale model How are the two 
tructures related? 

The significant quantities (which can be found b 
inspection or by looking at the familiar stress equation 


mec 6lP 


} pyr) are length |, width b, depth h, load P, 


ind stress S. These can be expressed in terms of twe 
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ALUMINUM 





kb = iS 











Performance is similar 

even though these two cantilevers 
are different sizes and made of 
different materials. Assuming weight 
of both beams is negligible, deflection 
of small beam, multiplied by scale 
factor k, will equal that of 

the large beam 


Although geometrically 
similar . . 

in every respect, deformation and 
stress in small beam are not related 
to that in large beam because 
applied loads violate laws 

of similitude 





basic dimensions: force F and length L. There are 
therefore three independent dimensionless combinations 
that must be equated 

° ~ ° P Pm 
b, ” hen SE S,.1 


I'he first two conditions will be satisfied by maintain- 
ing geometric similarity. Substituting the scale factor 
into the third equation gives the relationship between 
load and stress in the actual structure and the measured 
relationship on the model. 

ee 


Sa S 


Two assumptions have been made in this analysis: (1) 
stresses imposed by the weight of the beam are not 
significant; (2) strains are not large enough to make 
the loaded geometry of the model different from that 
f the real structure. Out-of-scale strain, even if small, 
may cause another problem. In structures more com 
plex than this simple beam, distortion causes changes in 
the way the load is distributed among the members; if 
strains are not equivalent, the distribution will not be 
the same. Structures of this kind are called redundant 
or overdetermined structures. The problem is especially 
significant when there are pinned joints or bearing sur 
faces. These must have the same relative (not absolute ) 
tolerances to preserve similarity 


In-scale strain 


Therefore, for large deformations or for redundant 
structures, the strain in the model must be equivalent to 
that in the real structure to preserve similarity. Two 
material properties are involved: modulus of elasticity, 
E, and Poissons ratio, ». Dimensionless combinations 
of these must be equated, as before, to maintain simili 
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tude. Poisson’s ratio is dimensionless as it stands 

»# = pm. Modulus of elasticity can be combined with 
load to give 

-” Pa 

Be Eela® 

These conditions are sometimes difficult to meet. For 

instance, it may be desirable to use a particular material 

for the model (plastic for photoelastic stress measure 


or —p 


ments is an example) making it impossible to match 
Poisson’s ratio. Moreover, limitations of loading facili 
ties will set practical limitations on scale factor and 
modulus of the model material. In such cases com 
promises are sometimes made. Requirements for equat 
ing Poisson’s ratios, for example, are not usually critical. 

Simplest way to keep strains in scale is to make the 
model of the same material that is proposed for the 
structure. This way, the Poisson’s ratios and modulae 


of elasticity are equal and it is only necessary to scak 
loads by k’. ; 


WHEN WEIGHT AFFECTS PERFORMANCE 
Fabricating the model from the same material cannot 
be the answer when equivalents of both weight and 
strain must be preserved. To make model weight equis 
alent to real weight, dimensionless combinations of 
variables which include density of the material p, must be 
equated. Thus, 


Pin i 
pl Prlen® 
But when this restriction is combined with the condi 


tion that strains must also be equivalent 


E. e( :) 
Pr Pp 


it doesn’t leave much choice for materials (unless s = 1) 
(CONTINUED, NEXT PAGE) 
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Theory of Similitude (conrmuec 


Values of E/p are about the same order of magnitude for 
all metals. Certain plastics, woods and elastomers have 
low values of E/p and might be suitable for some reduced 
cale models. 

A number of subterfuges have been devised to increase 
the effective density of those models having a scale 
factor less than 1, and reduce it for models with scale 
factor more than 1. For reduced-scale models, suitably 
distributed dead weight is one answer; and for increased 
cale models, upward forces can be applied. But in 
both cases, there will be small errors in stress distribution 
it the points where extra loads are applied. ‘The weight 
of the larger-than-actual-size model might also be reduced 
by immersing it in a buoyant fluid of proper density. 

Another way to increase weight is to apply acceleration 
by spinning the model in a centrifuge. Assuming all 
“weight” is a result of centrifugal force (i.e. real weight 
of model is small compared to centrifugal force) the new 
“density” of the material, p’, can be found bi ipplving 
the familiar equation, 


Thu 


where p’, is effective density of material, » is rate of 
rotation in radians and r is radius of rotation 

his method of increasing weight is particularly appli 
cable when the structure being modeled is already subject 
to accelerating forces. In such a case, the model is mad 
of the same material as the actual structure and the 
rate of rotation for the model i 


Other properties 


There are a great number of practical cases where 
other material properties have a significant effect on the 
operation of the full-scale item and must therefore be 
preserved, in proper proportion, in the small-scale coun 
terpart. If it is expected that the actual structure will be 
stressed beyond the yield point, the actual material and 
the material for the model must have the same ratio of 
vield strength to modulus of elasticity. And in cases 
involving thermal stresses, creep, etc., the same principles 
of similarity apply: dimensionless combinations of im 
portant variables must match 

Every increase in the number of pertinent physical con 
stants increases the number of dimensionless parameters 
that must match, making it increasingly difficult to find 
a model material that satisfies the requirements. This is 
particularly true if the actual structure is fabricated of 
more than one material. In such cases, the only answet 
may be to make the model of the same materials 


GEOMETRIC SIMILARITY VIOLATED 


There are usually more dimensionless combinations 
that can be set up than need be preserved in designing 
a similar system. The Buckingham Pi theorem tells how 
many; dimensional analysis enables us to find them all. 
Knowing which ones to choose is partly experience, partly 
insight. The important combinations can usually be 
found by examining the theoretical mathematical rela 
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tionships that predict the behavior of an idealized struc 
ture under the same, or simplified loading. However 
considerable analysis and experience is required to cull 
out those pertinent combinations that can be ignored 
without introducing a significant error. 

Suppose the problem is to find the distribution of 
stresses in an instrument container that will be used for 
studying underwater phenomena at a considerable depth 


‘Assume that the vessel is a distorted ellipsoid with varying 


wall thickness. ‘lo find the critical stresses and the uni 
form external pressure that will cause buckling, a model i 
built with scale factor, k 1/20. But at this scale, walls 
are so thin that they are difficult and costly to fabricate 
to the same relative tolerances as those of the actual ves 
sel. ‘Therefore the engineers consider building a model 
with scale factor of 1/20 for all major dimensions but 
with scale factor of 1/5 for wall thickness. What are the 
consequences of this drastic violation of similarity? 

It would be casy to measure stresses on the outer and 
inner walls of the model by applying strain gages at 
critical points. This will give values of average or “hoop’ 
stress, and bending stress, providing the model is still 
essentially a “thin wall’’ structure. But how are these 
readings related to stresses in the actual structure? It is 
tempting to compute corresponding hoop and bending 


stress by setting up invariant combinations suggested by 
equations for hoop and bending stress in slightly out-of 
round thin pipes and slightly distorted thin spheres 


(1)()-() (22) om 


vhere p is pressure, D is reference diameter and t 1 
reference wall-thickness. These factors, however, are on! 
approximate for even these simple geometries; the exact 
factors involve a power series in which (D/t) and (D/t 
are only the leading terms. It may be extremely difhcult 
and costly to find the correct series for this particula 
shape, and furthermore, if they were known, a mock 
stress analvsis would not be necessar\ 

This problem also illustrates two other consequenc« 
of violating geometric similarity. Because of increas¢ 
wall thickness, distortion of the model may remain neg 
ligible where p,./E,, is much greater than that value at 
vhich the actual vessel would distort appreciably. Mor 
over, failure of the model by elastic or plastic instabilit 
may be a different type than that of the actual vess« 
Failure occurs when p/E reaches a critical value that may 
be a different function of D/t for different parts of 
the vessel. And because geometric similarity is not 
preserved, the D/t ratio will not be the same for both 
the model and full-sized vessel 

There is no way to compensate for violation of ge 
metric similarity. Sometimes it is possible to extrapolat: 
the actual structure from several models that have di 
tinctly different ratios of violated dimensions. But this 
is usually more expensive than building a single mode 
in which geometric similarity is preserved and scale fac 
tor is not too small. Large discrepancies in geometry arc 
permissible only when relationships between stresses and 
ratios of violated dimensions are definitely known. 8 
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II—NOVEL USE FOR OLD MATERIALS 


ullding 


the Better Model 


When common modeling materials like aluminum, steel 


and brass won't do the job, try these. They have unique properties 


that make them particularly useful for model design. 


RAYMOND G CARLSON 


i: is rarely possible to find a modcling material that has 
an ideal combination of properties—-there isn’t that much 
choice. A material acceptable for one reason is usually 
impractical for others. This is the most serious limita 
tion in building models for structural and functional test 

Cost is another limiting factor. It is expected that tests 
on the model will give desired results at a cost lower than 
that of other analytical methods. If a suitable material is 
expensive or difhcult to work, the purpose of the model 
tests will be defeated 

Some low-cost materials have properties which, while 
far from ideal, are sufficiently unique to permit unusual 
insights into the behavior of the real structure. In these 
instances, properties alone make possible the solution of 
the problem through studies of models 


FOR STRESS ANALYSIS 


Photoelastic materials are popular for model 
studies because stress patterns can be determined with 
cut complicated measuring instruments. The most com 
mon photoelastic material is Bakelite; however, many 
materials show the characteristic dark and light patterns 
A detailed 
inalysis of the desirable properties for this modeling ma 


when subjected to stress and deformation 


terial will illustrate the necessary considerations for choos 
ing anv material for modelmaking 

For photoelastic work, material should have: transpat 
ency, optical sensitivity to deformation, elastic behavior 
throughout the stress range, freedom from creep, elastic 
isotropy and homogeneity, machinability, reasonable 
price. ‘There is no one material that fully satishes all 
these requirements, so a compromise choice is necessary 
\ special type of Bakelite is usually preferred because it 
has the best combination of desirable properties found in 
iy single material. However, some photoelastic studies 
have been made with glass, celluloid, and other materials 

An additional property of the phenolic resins, such 
as Bakelite, makes possible the photoelastic measurement 
of stresses in a three-dimensional stress field. When an 
nealed in a deformed condition, they retain the double 
refraction produced by deformation. ‘Therefore a model 
can be subjected to three-dimensional loading, and an 
nealed under load. After removal of load, it can be cut 
into thin sections and analyzed for stresses as in two- 
dimensional photoelastic models 
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Plaster of paris is useful for studying stress con 
centrations under tensile loads. It is very brittle and has 
1 nearly linear stress-strain curve up to the point of 
failure. l’urthermore, it expands as it solidihes, giving a 
curate model-castings. In plaster models, stress concen 
trations can be determined by observing location of fail 
ure and the loads at which failure occurs. ‘This informa 
tion combined with known material properties of plaste 
will predict similar stresses in other materials 

(CONTINUED, NEXT PAGE) 


Plastic truck-wheel . . 

simulates behavior of full-scale wheel; can be loaded 

in various ways to reproduce service conditions. Because 

it is cast from epoxy resin, it allows studying changes 

in wheel geometry at considerably less expense than 
equivalent tests on full-scale wheel. The test frame 
permits variations in the degree of restraint at ovter edge 
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Building the Better Model conrnueo 


Stretch this rubber model .. . 





and the exaggerated deformation can be easily observed and measured 


Applying the theory of similitude, the engineer can 


then predict strains in other materials having similar points of stress concentration 


l'ype metal, the same as that used in the print 
ing industry, also has several helpful properties. It has a 
low melting point and contracts little during solidifica 
tion. Also, it can be easily machined or cast into accu 
rate shapes. The stress-strain curve is linear almost up t 
the ultimate load. In addition, type metal shows almost 
no elastic recovery after deformation—when the model 
is deformed, it remains deformed and strains can be 
measured and examined carefullv after the load has been 
removed. 


. . » Rubber has a low modulus of elasticity and can 
be subjected to very large strains. Thus, large deforma 
tions can be obtained in rubber models. These larg: 
deformations are more easily observed and measured 
than the smaller strains in the actual structure. There 
fore, rubber models are a quick and effective way of 
obtaining information on location of strains and stres: 
concentrations 


For dynamic loads 


Also available are special materials that make the 
ynalysis of dynamic structures easier. Plastic structures, 
for example, can simulate the vibration behavior of steel 
structures. In this application, thermoplastics are best; 
they are easy to machine, lightweight and inexpensive 
Moreover, pieces can be cemented together to give firm 
joints that simulate damping introduced by welded 
joints. The low density-to-elastic modulus ratio of thermo 
plastics enables models to be tested at low, easily at- 
tained frequencies. From the resonant frequencies of the 
model, the corresponding resonant frequency of the 
full-scale structure can be found bv applying the prin 
ciples of similitude 


To simulate properties of a material 


It is sometimes difficult to predict how a material will 
behave when exposed to unusual service conditions that 
exceed handbook values for properties of that material 
Tests on the actual material may be expensive, if prac 
tical. Many of these problems can be solved by substi- 
tuting an inexpensive material that is easier to work with 
than the actual material 
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Several materials have been tried in studies of extn 

ion behavior of metals, for exampk The most suc 
cessful are lead, Plasticine, and paraffin. Blocks of thes 
materials are split down the center and a grid is scribed 
on one of the exposed faces. The reassembled block is 
then partially forced through an extrusion die. When 
the block is removed from the die and split open, the 
distorted grid pattern indicates the flow pattern of th 
naterial during extrusion 

Of the three materials, lead—at room temperature 

ost valuable for simulating elevated-temperature prop 
erties of other metals. Plasticine is useful because it 
properties closely correspond to the ideal elastic-plastic 
material behavior on which theoretical extrusion studies 
are based. However, recent studies show that the prop 
erties of paraffin correspond more closely to the proper 
ties of actual metallic materials. Paraffin has several other 
advantages: it can be machined accurately and easily. It 
an be heated and deformed to simulate ductility, but wil 
become rigid when cooled. It can also be etched to show 
nicrostructure 

I'wo unusual materials, although not yet popular for 
modelmaking, promise to reveal valuable data concern 
ing the mechanism of fatigue and failure. 

One of these is indium antimonide. This semicon 
ductor behaves much like the common metals when it is 
deformed. But like other semiconductors, it changes its 
electrical properties when stressed beyond the elastic 
limit. Because these electrical changes are related to 
structural changes in the material, indium antimonide ha 
great potential in studies where a simple electrical meas 
urement gives information about the internal structure 
under load 

Silver chloride also has many of the basic character 
istics of metals (it can be heat treated, extruded, rolled 
but has two properties that may help engineers discover 
what goes on inside metals when they are stressed. It is 
transparent; and when exposed to light, silver precipitates 
to reveal interior dislocations. Recent tests indicate that 
these unusual properties will be helpful for discovering 
fatigue behavior of metals at room temperatures and also 
it tenperatures beyond normal operating range. @ 
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ll1I—LOADING AND MEASURING TECHNIQUES 


The Structural Model at 


Aircraft wing spar . . 


Work 


After you've designed 
and built the model correctly, 
it's a guinea pig 

ready to take on loading 
and measuring assignments. 
Here are the tools 


you need. 


is tested for fatigue failure by making a built-up aluminum beam similar 


to the actual spar. Test specimen is that portion between the points 
of load application near the center. Bonded-wire strain gages give 


readings at critical points and measure applied load. 
CHARLES W BERT 


exacting computations and close-tolerance machine 
work are the principal ingredients for identical behavior 
of the model and its full-scale counterpart. But the value 
of having a stand-in is lost if performance cannot be 
measured accurately. Theoretically, the scale factor 


should be applied to the test equipment too—a half-size 


model should have instruments that are twice as accur- 
ite. Except for scaled-up models this is hardly ever pos- 
sible. But these considerations illustrate the importance 
of accuracy—only equipment of the highest precision 
can give usable data; low-precision equipment leads to 
poor results and false conclusions. 

You can sometimes use common techniques (universal 
testing machines, resistance strain gages, etc.) Othe: 
times, special equipment must be designed and accurate 
data will depend on the ingenuity of the test engineer. 
But remember that the success of testing with a model 
depends on its being inexpensive. Specially designed 
measuring instruments and fancy, single-purpose jigs can 
boost cost beyond that of rival analytical methods 
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APPLYING THE LOAD 

There is not much difference between methods for 
loading a model and those for full-scale structures 
Ihere are, however, some limitations. For a very large 
scale model, the loading apparatus is sometimes abnor 
mally large in size and therefore high in cost. And for 
very small-scale models, the details of load application, 
such as at pin joints, cannot be scaled down below a 
certain practical limiting size. 

Standard laboratory equipment such as universal test- 
ing machines, can sometimes be rigged to apply loads 
to the model. In particular cases (photoelastic stress an- 
alysis is one) more specialized loading equipment may be 
required. Or you may have to improvise: in static tests 
on aircraft, sandbags are often used to simulate in-flight, 
aerodynamic loads. 

An increasingly large number of situations require 
finding the effect when loads are applied at high tem- 
peratures. These tests attempt to discover changes in 
propertics of a material (reduction in the clastic moduli 
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The Model at Work conrmueo, 


creep, stress-relaxation phenomena) and loads induced by 
thermal expansion. It is not always possible to test the 
model at elevated temperature because of practical limi- 
tations of heating equipment. At such times it may be- 
come necessary to use an artifice or an analogy to obtain 
useful information. 

In studies of creep, one method that has been success- 
ful is the use of lead as the modeling material. Its room- 
temperature behavior simulates the elevated-temperature 
creep behavior of many structural metals. Or when sim- 
ulating thermal stresses, a bending moment related to 
the temperature gradient across a structure is sometimes 
applied. A little ingenuity will reveal a number of other 
artifices that can reduce complexity of the loading ap- 
paratus and lower cost of the test program. 


INSTRUMENTATION 


Strain-measuring techniques can be divided into two 
groups: (1) qualitative measurements in which only loca- 
tion and direction of principal strains are found; and (2) 
quantitative measurements that give magnitude of 
strains from which stresses are computed. Brittle lac- 
quers, for example, are common for qualitative meas- 
urements. They crack in a direction perpendicular to 
that of the maximum principal tension stress. However, 
they have undesirable room-temperature changes, mak- 
ing quantitative interpretation difficult at best. 

Models made of photoelastic materials give both 
qualitative and quantitative information. But it is un- 


necessary to make the entire model of the photoelastic, 


material; a thin coating of the resin over a metal model 
will serve as well. This method is called PhotoStress. 
Coatings are commercially available in either sheet form 
(for flat surfaces) or liquid form (for curved surfaces). 
To show the familiar strain patterns, polarized light passes 
through the coating and reflects back, producing a colored 
field which represents the distribution strains. 

Although the PhotoStress technique permits you to 
make the model of the same material as the full-size struc 
ture, it has the disadvantage of showing the distribution 
of surface strains only. This is usually sufficient for bend- 
ing, torsion, tension, compression, and uniform shear 
loads. However, for bearing loads in which contact 
stresses are developed, strains are located beneath the 
surface and surface-strain information is inadequate. 

Of the strictly quantitative tools, the bonded wire or 
foil strain gages are perhaps most common. These are 
attached at critical points where strains are computed to 
be largest, and oriented in the direction of principal 
strain. When the direction of principal strains is un- 
known, “rosette” gages, which consist of three gages 
mounted in different directions, should be used. Also, it 
is now possible to cast strain gages inside plastic models 
for measuring internal strains at critical points. 

Other standard strain-measuring instruments are also 
useful for model measurements. These include mechan- 
ical extensometers, electromagnetic gages, optical gages. 
All have the same limitations: Only external strains over 
a small but finite gage length can be measured. Also, the 
number required at a given point depends on how much 
is known about the direction of principal strains. Another 
technique, the photogrid method in which a network of 
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grid lines shows large plastic-range strains, is useful foc 
models of deep-drawing and cold forming processes. 


SPECIAL TECHNIQUES 

Special loading and measuring methods may have to 
be devised when conventional instruments will not sup- 
ply the needed information. The design of the methods 
and fixtures will depend on the ingenuity and experience 
of the test engineer. 

One such analytical technique is the method devised to 
test buckling characteristics of structures. Previously, to 
find the buckling load, it was necessary to actually buckle 
the structure—which destroyed its usefulness for further 
tests. By analyzing the mechanism of failure, engineers 
found that the buckling load can be predicted by meas 
uring only two quantities: load and deflection. When de 
flection is plotted against ratio of deflection to load, the 
slope of the curve as buckling approaches is the value of 
the buckling load. 

An example of how ingenious instrumentation meth 
ods and choice of unusual modeling materials can give 
unique design data, is the investigation of riveted joints 
conducted at MIT. When computing stresses in riveted 
joints, it was previously necessary to make a number of 
simplifying assumptions because stresses inside the mem- 
bers could not be determined. 

Therefore, an enlarged scale model of a riveted joint 
was made of foam rubber—its low modulus of elasticity 
allows visible elastic displacements. Steel wires, 1/64-in. 
diameter, were imbedded in the foam at critical points 
X-ray photographs, penetrating the foam to a depth of 
5 in., readily showed shifting and bending of the wires 
This gave an indication of the internal strain distribution. 
A study of these displacements uncovered several dis- 
crepancies between actual performance and currently ac- 
cepted methods of theoretical analysis. 


EDITOR’S NOTE: Other applications of the theory of similitude: 

Designing by Proportion, Oct ‘55, p 179. Shows how to 
design new products that are similar to, but larger or smaller 
than on existing line of products. 

Fluid-flow Models Predict Design Performance, Aug 17 
‘57, p 64. Illustrates examples of functional models that predict 
behavior of liquids flowing through or around obstructions. 

For other kinds of models and how to build them, see: 

Models Show How .. . Sep 16 ‘57, p 99. Full-color photo- 
graphs of typical models that help designers visualize a com- 
pleted product. 

Use of Mockups in Design, Oct ‘56, p 183. How wood 
and cardboard counterparts can be put together to give a 
layout in three dimensions. 

Clay Models Will Shape Your Ideas, Oct 12 ‘59, p 68. 
A quick, inexpensive way to get a clear image of the proposed 
component. 

Model Shop Saves Development Time, Oct 6 ‘58, p 32. 
Why skilled craftsmen and special tools devoted exclusively to 
modelbuilding can save time and money. 

Build a Model Shop, Oct 13 ‘58, p 74. A survey of several 
“captive” model shops shows what you will need and how it 
can be best organized. 


REPRINT COPIES of this report are available for 25 cents 
each by addressing Readers Service Dept., Product Engi- 
neering, 330 W 42nd St, New York 36, NY 
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DESIGN FEATURES 
IN NEW PRODUCTS 


Moster templet 


Hondlebor grip 


Copying finger .. . 


is exact duplicate of desired wheel form. During 
dressing operation, profile of the grinding wheel is 
generated by the copy finger and truing templet; 
during grinding operation, same copy finger guides 
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Special Templet Guides 
2-for-1 Grinder 


Profile tools for lathes are produced in pairs 

by this dual-wheel grinder, cutting time in half. 
Same copying finger that transmits shape 
instructions from the over-size templet gives exact 


duplication when dressing the tools. 


Besides turning out tools faster, the grinder reduces downtime— 
the second wheel provides a standby tool for rapid replacement 
In addition to standard lathe tools, the grinder shapes carbide 
bits, circular tools, and small dies. Copyrex grinding machine is 
produced by Blasi AG, Solothurn, Switzerland 


Two tools at a time... 


are formed by the grinder and end up one-fifth the size of the 
master templet. During grinding, the templet is guided across a 
stationary copying finger These movements are transmitted to the 
tool holder with a reduction of 5:1 through a parallelogram link 
age. Knurled handgrips on each side of the templet holder allow 
the operator to closely follow prohie of the templet Then 
hinged diamond holders swing in for dressing operation 


Whee! dressing 


the master templet. Switching from truing to 
master templet is done by swiveling the handlebar 
grip. Master templet for any tool-forming opera 


tion can be cut from }-in. aluminum or brass 











PRODUCT DESIGNS LAST OF THE BIG THREE’S 


CHRYSLER'S 


The Chrysler entry in the small- 
car field is distinguished by its 
use of an engine inclined 30° 
and an alternator replacing the 
conventional generator. Though 
considerably smaller than the 
regular Chrysler products, Vali- 
ant is the largest of the three 


new compact cars by 3 inches 


Last of the Big Three's compact cars to 

reach the showrooms, Valiant 4-door 

sedans and station wagons use a 

canted engine to give a lower hood 

line and improved intake manifolding. 

Available with either a manual trans- 

mission that uses a _  floor-mounted 

lever, or with a fully automatic drive, 

the Valiant is produced by Plymouth- 

De Soto-Valiant Div of Chrysler Corp, 

Detroit 
Radiator 
yoke 


Reinforced shell . . 
combines Valiant’s body and frame 
into single welded unit. Door-pillar in 


ner panels are structural members that 
Reinforcing 


double as trim panels on finished cat monbers 


Plenum chamber used for heating and 
ntilating air is boxed in and doubles 

is a structural member. Box sections 
n the lower body absorb suspension 
pfvermaps ee rags Structural ‘sill 
oads and distribute these forces to 


road areas of the body structure Box-section 


Torsion-bar suspension 
at front, and leaf springs at rear—these are typical 
of Chrysler design and have been in the company’ 
bigger cars for several years. The torsion bars are 
connected to lower control arms and anchored to the 
body under the floor. Ball joints are used at the 
upper and lower ends of the steering knuckle, and 
cam-type caster and camber adjustments are incor 
porated. Direct-acting, tubular shock absorbers are 
connected to the lower control arms and anchored in 
sheetmetal towers that spread the load through the 
front-end structure 

Asymetrical rear leaf springs with a shorter front 
portion reduce the rear-end dip caused by accelera 
tion and braking. The short front portion i 
mounted in a 1% in.-dia rubber bushing 
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SMALL CARS 


VALIANT 


we” . @ 
Canted engine 
leans 30° to the right, allowing lower hood line anc 
& YANO AMR 11011107 ARMM MU OETA A:T 174 42230 AURA TMNann PP NGDEES Ne" CNS CONTE LMA MOM ie Improv ed intake manifolding Bk yi k and he ad 


of the 6-cyl engine are cast iron, but the following 


QUICK LOOK AT VALIANT’S 4-DOOR SEDAN components use aluminum castings: intake manifold 


pistons, water-pump housing, oil-pump housing 
(n.a.—-data not available) : oil-filter pad, water-outlet elbow, distributor 


housing and alternator housing. In addition 


clutch housing, transmission extension, and 


Over-all length 184.0 in entire automatic transmission housing are 
Over-all height 54.0 in. 
Over-all width 70.4 in. 
Weight (dry) n.a. contain self-locking screws for adjusting-valve 
Whee! base 106.5 in. E clearance. Tubular pushrods are operated by 
vr 7 hang = solid tappets which ride on the chain-driven cam 


1 YPYROPRETOEY PP PE PY Ra EDN 


aluminum diecastings. Stamped-steel rocker am 


= 
: 


shaft. For oil control, umbrella-type seals are fitted 
to the valve stems and 4-bead valve-locks on th 
No. of cylinders 6 exhaust valves are used to assure rotation 
‘ yli or 
Bore & Stroke 3.40 x 3.125 in. 
Displacement 170.0 cu. in. 
Compression Ratio 8.6 to 1 
Torque, ft.-Ib n.a. 
Brake-horse power n.a. 


ALAA APLORERAL SL YAUORRNEETLAIT HY 


! 


Tire size—tubeless 6.50 x 13 
Brake area 153.5 sq in. 
Turning dia 37.1 ft 
Electrical System-alternator 12 volts 
Fuel-tank capacity 13 gal. 


UHL 


Floor shift-lever .. . 
for manual transmission, last seen in 1940, is back in 
Valiant—connected to the transmission by cadmium 
plated steel links. A torque shaft between transmission 
and gearshift lever prevents engine vibration from reach 
ing the lever. The gearbox is inclined 30° to the left 
opposite the engine inclination) to allow space for the link 
age inside the low, narrow tunnel. Its housing is a single 
gray-iron casting capped with a stamped steel plate to 
permit access to the gears. Blocker-ring synchronizers 
ive used on second and third gears to ease shifting 
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PRODUCT DESIGNS 


Recoil of 20mm Gun Gets Lost in Cam Mechanism 


Linear motion of the recoiling parts is translated to rotary motion by 


a revolving breech mechanism. Energy stored in revolving breech is in turn used 


to reduce recoil forces. 


Bursts from this double-barrel gun come fast but it’s hardly the weapon for ducks. The light- 
weight (185 lb) weapon was designed to give jet aircraft high cyclic rates of fire. A 1500-psi 
pneumatic power supply is needed for charging cycles; otherwise the gun is self-powered. It 
hurls 20mm shells at a rate of 4200 (plus or minus 200) rounds per minute. The firing sounds 
slower than that, because both barrels shoot simultaneously. Pilot of the plane can select any 
subnormal rate between 750 rounds/min. or full rate, as desired. Aircraft Gun MK11 MOD 4 is 
produced by the Aircraft Div of Hughes Tool Co, Culver City, Calif 


d ejected case 


High cyclic rate... 


of firing results from using a revolving cylinder with eight 
shell chambers, and two fixed barrels. At each stage of the cycl 
six chambers are in use, two are empty 

Cams on the revolving cylinder index it and return the gun 
to battery position after firing. As the cylinder indexes, two 
rounds are rammed forward out of their links into two cham 
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bers in the cylinder. On the next cycle the two loaded 


hambers are rotated into position behind the barrels and 
both are fired. Next cycle: the two empty cases are rotated t 
the ejection stations where gun gas blows the cases back to th 
rear. They are ejected with sufficient force to disengage the 
link from the belt and discharge the relinked case from the gun 
Gun gas does the ramming as well as ejecting; the cartridge is 
fired electrically 
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Camming mechanism 


handles the interchange of kinetic energy 
between recoiling parts and rotating cylin 
de Besides decelerating the recoiling; 





ped 

To 

Q 
fh 


Com followers 


parts and driving them back to battery 
position, this interchange indexes th 
ylinder. Motions of the vlinder can be 

nmarized as four steps for each firin 


Step l th 
ters am follow 
of one of the U-shaped cam 


From this position the recoiling parts start 


engaged at end of t 
rht le ’ 
ving rearward 

Step 2—The recoiling parts 
vil; cam follower is at center 


have re 


ect 
shaped cam. The near side of 
has rotated downward 


motion has been translated to x 


motion and th ylinder is storing 








Firing operation . . . 


an be broken down into: first round of the burst 


hring, final round of the burst. These three discrete steps illu 
trate how recoil momentum is cancelled out during operation 
First round of a burst—To initiate a burst, a single round 
fired. This develops one unit o il momentum and recoiling 
parts are driven to the rear. They are then returned to battery 
position by the revolving cylinder and cam mechanism 
Continuous firing—as the counter recoiling parts approach 
battery after th ngle shot hred, both barrels fire sin 
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like a flywheel. The rocker am 
drawing the cam followers for 
1 as the cylinder moves rearward 
Step 3—Rotary motion of cylinder 
translated into linear motior The 
followers are forced to the 
ylinder indexes an addition 
cKer connect to the 
] ind 


ylinde 


Step 4 
ind th 
ili Thi 


1 the same 


i? 


recoiling part 


me unit of 
incellation effe< 
the momentum 
xactly what it 
Final round—<As 
vith the one unit < nome n ngle round fired. It 
impulse exactly cancels the nter-rect ' 
tum of th 





owe 


Ss Di 


ay ed 


lt pays to know them—otherwise you'll be designing diaphragms that don’t meet up-to-date needs. 
Here are selection charts that will guide you to the right base fabric and elastomer coating for the job. 


EDWARD C HEMES, Vulcan Rubber Products Div 


Reeves Brothers Inc. New York 


When a rubber-coated diaphragm is designed into a 
ew meter, pump or control, the odds are that it will 
not be the best fabric for the job. This is because of 
the steady proliferation of new elastomers and base fabrics 
n the past few years. Result is that many new products 
ire operating with diaphragm fabrics that no longer 
epresent the latest and best in materials 

I'wo basic factors govern the designer's choice: th 
gas or liquid that will be in contact with the diaphragm, 
ind the operating conditions. This article sorts out the 
latest coatings and fabrics according to the wav thev 


respond to these two factor 


Effect of the Medium 


Whether the medium is liquid or gas, whether it is t 
e measured, regulated or moved—it is the main facto 
governing choice of clestomer. The coating protect 
the base fabric and controls the degree of permeability 
ind in the molded diaphragms, its stability determines 
hape-holding characteristics. The diaphragm must rc 
main stable in its original cured condition as long a 
possible. 

A medium can cither swell a coating or attack it 
hemically. Excessive swelling results in excessive soften 
ing of the coating—causing the diaphragm to delaminat 
ind to lose shape. ‘The softened coating is then easil 
damaged by mechanical action. Chemical attack of th 
oating results in loss of its rubbery properties, eithe 
through excessive stiffening or through softening and 
gumming. Exposure of an elastomer to temperatures 
ibove its useful range results in rapid deterioration 
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[he most common media (air, natural gas, liquified 
petroleum gas, manufactured gas, water, oil and gasoline 
iccount for about 90% of all coated-fabric diaphragm 
ipplications. The other 10% (mainly acids, alkalis, othe: 
inorganic chemicals, organic chemicals, and unusual! 
gases) may be regarded as specials needing individual 
ttenhhon 

Clean air and water pose no particular problem except 
that temperature above the useful range of the particular 
elastomer will deteriorate it rapidly. Natural and LP gases 
ire aliphatic hydrocarbons—and easier to handle than 
the aromatic hydrocarbons, which are components ot 
Gasolines should be _ treated 
iromatics because of their constantly increasing aromati 


manufactured _ gas. 


content (up to 40% today). Thus, it is the medium’s 
most prominent and troublesome component that con 
trols the choice of elastomer 

Ihe tables presented here represent the technical 
opinion of one manufacturer and are intended only a: 
i general guide. Table I shows some of the most widel 
used coating elastomers and their performance in variou 
hemicals. Tables like this one should be used cau 
tiously. The basic elastomers are supplied in many differ 
ent grades. Buna N, for instance, is available with nitril: 
ontents ranging from high to low—each with different 
haracteristics Moreover, while the elastomer is_ th: 
key compound ingredient, performance is also affected 
by the addition of fillers, plasticizers and other rubber 
chemicals. Each rubber-coating compound represents a 
property compromise—usually tailored bv the rubber 
chemist to a particular job 


Operating Conditions 


Chemical resistance of the coating elastomer is not the 
ole cnterion of choice. Other operating conditions 
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Table |— Effect of Chemicals on Diaphragm Elastomers 





Elastomers 


Isobu- 
tylene 
cs 
lsoprene 


Butadiene 
“ 
Acrylo- 
nitrile 


Butodiene 
Aj 
Styrene 


Chemical \ 


SUICONE HYPALON VITON TEFLON POLY- 
URETHANE 
Chiero- 

tiflvoro- Polyester 
ethylene & (ether) & 
Vinylidene| diise- 


fveoride | cyanate 


Hexafivore- 
propylene 
a 
Vinylidene 
fivoride 


Chiorosul- 
fonated 
Poly- 
ethylene 


Polysil- 
oxane 





Aliphatic hydrocarbons Poor Excellent Very good 


Aromatic hydrocarbons Poor Poor Very Good 


good 


Ketones Good Good Good Poor 


Lacquer solvents 
Gasoline 


Good Foir 


Excellent 


Poor 
Poor 


Poor 


Poor Very good 


to good 


Animal & veg. oils Poor to Poor to Excellent Excellent Excellent 


good good 
Ozone Foir 


Acids 


Excellent 
Foir 


Foir 
Good 


Foir Excellent 


dilute Fair to Fair to Very 


good good good 
Good 


Good 


Acids 
Alkalis 


conc Foir Foir 


Good 


Fair Foir 


Fair Foir Fair 





Good Very good Good Very good Good 


Good Good Fair 
good 

Poor Poor 

good 

Fow 


Excellent Poor 


Good 


Poor 


Very good Very good Fair 


Good Fair Good Excellent Good Good Good 


Excellent 
Good 


Excellent 
Good 


Outstanding Excellent Excellent Excellent Excellent 


Excellent Excellent Excellent Excellent Foir 


Foir 
Good 


Good 
Excellent 


Good Excellent Poor 


Excellent 


Very good 


Excellent Excellent Poo 








Table |—Comparison 


of Elastomer Properties 





NATURAL 

Property RUBBER 

Tensile strength 
pure gum 


High low 


leaded stocks High Med. to 
high 

Hardness Range Shore Durcmster 90 
“an 

Curing Properties 

Adhesion to Metals (uncured) 

Adhesion to Fabrics (suitably com 
pounded) 

Compression Se 


30-90 40 


Excellent Excellent 
Excellent Excellent 
Good to 

excellent 

Good 


Permeability to Gases Fair 


Low-temperature flexibility Excellent 


Resistance to: . 
Teor. Foir 
Good to 
very good 
Good 
Fair 
Good to 


excel 


Good 

Water Absorption (room tempera- Good 
ture) 

Oxidation 

Elevated Temperature 

Abrasion 


Very 
good 
Excellent 
Good 
Good 


Good 
Fair 
Excellent 
Price low 


1ow 





| 40-95 


SULICONE HYPALON VITON 


low High Med. to 
high 


High 


Med. to 
high 
High 


Med. to 
high 
High 


Outstanding 


Med. to 
high 


High Outstanding 


40-95 40-95 60-95 55-80 60-98 


Excellent 
Good 
Good 


Excellent Good 


Excellent 


Good Good 
Very good 


Good 


Excellent 
Excellent 
Excellent 


Excellent Fo 


Good Foir Excellent 


Fair to Fair Very good Fair to Good 


good 
low 


good 

low to very low 
low 

Fair to good, Foir 


Good Excellent 


Good 
Good 


Excellent 
Good 


Good 
Excellent 


Good 
Excellent 


Poor Good 


Good Very good 
Excellent 
Good 

Excellent 


Excellent Excellent Excellent 
Good 


Excellent 


Excellent Very good 
Good 


Outstanding 


Outstanding Excellent Excellent 


Poor Very Very 
good 


Very high 


good 


Medium High Medium Very high, High 








pressure flexing, heat, oxidation, etc—are important i 
fluences in coating and in base fiber selection. Table II 
ind III (next pg) guides to behavior under thes« 
onditions, some of which are described here in detail 

Operating pressure determines the diaphragm strength 
is expressed in Mullen burst pressure, and in tensile 
strength in direction of warp and fill. Normally it ix 
mly the outlet pressure that operates effectively on a 
diaphragm, except in cases of valve-mechanism failure 
Uhe inlet pressure is frequently considered the operating 
pressure (for safety reasons) in the selection of the dia 
phragm fabric. The one chosen as design pressure will 
control diaphragm sensitivity—the higher outlet pressure 
requiring the stronger, stiffer fabrics. 

Effective area times pressure gives the tearing fore: 


arc 
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\t equal operating pressure, a larger diaphragm needs a 


stronger fabric to resist this force. Larger diaphragm 
provide for greater sensitivity. 

Differential pressure, during normal operation, deter 
mines the required sensitivity. A thin diaphragm is mor 
sensitive than a thick diaphragm of the same material 
but also weaker. A compromise must be struck between 
the fabric’s gage and strength 

Operating temperature is a critical factor, and both 
high and low temperatures tend to decrease diaphragm 
flexibility—though at different rates 

High-temperature exposure may cause gradual stiffen 
ing and cracking of the coating. For continuous use in 
the 100- to 200-F range, special compounds of the more 
videly Buna N and neoprene) ma 


used elastomers 
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Table ii—Characteristics of the Textile Fibers Used for Base Fabric 





DACRON COTTON 


or FORTISAN ORLON 
\ Seponi- 

fled Poly- 
acrylo- 
nitrile 


Polyester 
Cellulose 
Acetate 
Property 
Tensile Medium High High 
strength 
Elongation Medium 
Elastic a0 Very 


Medium Medium 


Excellent Excellent 
recovery good 
Toughness ' Good Very Very 
good good 
Good Good 
Good Very Very 


ndea 
Effect of age 
Electrical 

properties 


Good 


300d good 


Resistance to 
Moisture 


Good Excellent 


Heat Good Very 
jegradation 


idew Good 


jood 
Good 


M 


Strong ac Excellent Poor 


Weoko Excellent Good Foir 
Poor to 
fair 
Fair to 


Good Excellent 


Excellent 
good 


Excellent 


Poor 





FIBER - 
GLASS 


Very 
high 
Very low 

Very 
good 
Foir 


Excellent 
Excellent 


Excellent 
Excellent 
Excellent 
Poor 


Foir 
Poor 


Fair 
Excellent 


Excellent 








intermittentl, 
200 | 


fluorocarbons an 


olve the problem. These can be used 


ibove 200 |} 


lor continuous temperature ibove 


pecial elastormers—like the silicones, 
irious Copolymers—may be needed 

Low-temperature exposures in the to —70 F range 
quire elastomers te 


Below 70 F, 


special compounding of 


regula 
naintain coated fabric flexibility natural 
Otherwis« 


silicones) will 


ubber can serve if the medium permits it 


pecial synthetic clastomer primarily the 
have to be used 

Flange design affects the gage of coated fabrics and 
ometimes toughness of coating, especially when heav 
compression is encountered. ‘The most frequent failure 
bolts 
vhen flange pressure is low and uneven 
few bolts or a thin flang 


fabric must be 


of diaphragms is lherefore, 
of too 


cross-section, a stronger base 


tearing at the flange 


because 
selected. In new 


designs, the flanges 


hould be designed to accommodate the ideal diaphragm 
fabric 


Corrugating or embossing of flanges can permi! 
hoosing thinner coated fabric 


Anti-wicking properties have to be considered when 


cepage can occur across clamping areas. This can happen 


when a diaphragm edge is exposed internally to high 
I'he seepage can be prevented by special anti 
wicking treatment of the base 
cost of the 
its flexibility, so should be employed only if 
ibsolutely 


pres ' 
pl ure 


fabric. However, such 


treatment raise coated fabric and somewhat 
reduce . 
high 
better for anti-wicking, and vegetabk 


necessary. The more closely woven, 
count fabrics are 
fibers more easily treated than synthetics 

Rapidity of pulsation affects the bond between coat- 
ing and fabric. If the diaphragm pulsates at high fre 
quency, choose a coating with particularly good adhesion 
to the base fabric, and with high abrasion resistance 
Relatively strong base fabrics are usually indicated. Rapid 
pulsation rules out fiberglass as a base fabric because its 
ductility is low 


The ratio of effective area to length of stroke decides 
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cations must 
manufacturer 


because 


whether a flat or a molded diaphragm 
s needed. Molded types, which cost 
more, are preferred when a flat dia 
phragm will not give sufficient travel 
without resistance or distortion. When 
1 molded diaphragm requires a deep 
draw, synthetic fabrics are usually 
chosen because they are stronger for a 
flexibility. Most 
coatings mold with equal ease, except 
for occasional problems with mold re 


given elastomeric 


lease 
Dimensional stability is vital in all 
metering devices; here, both coating 
ind base fabric must have this prop- 
erty to highest possible degree. The 
same stability is also important in 
some other devices. 
lables II and III 


physical 


suggest other 
which occur 


less frequently. Catalog data on coated 


requirements, 


fabrics for diaphragms usually cover 
stvle number, elastomer, base fabric, 
gage, tensile strength, Mullen burst 
test, and weight per square yard as a 
If MIL, AMS, SAE, ASTM 

Underwriters’ Laboratories’ specifi- 
met, bette: 


guide 


consult the coated-fabrics 


such information cannot be kept 


up to date in catalog 


Cost and Availability 


‘wo other important factors, cost and availability 


iften related to each other 


“Specials” are expensive 


the fabric must be coated in small quantities; the supp 


ing plant usually has difficulty scheduling them and mak 


ing early deliveries. A 


standard stock item can easil 


become a “special” through a minor change in perforn 


ince requireme¢ nts 


If cost is a consideration, only essen 


tial performance requirements should be included in di 


phragm specifications 


I'he best approach is first to list the 


must’ characte 


istics in the order of their importance, then add other 
characteristics that are desirable but not absolutely essen 


tial. ‘This 


information, 


together with a set of design 


drawings and the proposed test methods for the device 
in which the diaphragm is to be used, will help the 
diaphragm-material supplier select the best coated fabr 
it the best price and deliver 


EDITOR’S NOTE: The following 


recent articles cover many 


problems raised by elastomers in product design: 


Today’s Rules for Rubber-to-Metal Bonding, Aug 3 ‘59, p 


52—How 


to obtain 


reliable bonds and desired tolerances, 


using the newer adhesives and bonding techniques. 


Molded Silicone Rubber Parts, April 


14 ‘58, p 69—pro- 


vides basic know-how for the design of molded parts from a 
versatile, yet tricky elastomer. 


High-temperature Butyl Rubber, Nov 11 
butyl 


provements in 


‘57, p 90—im- 


rubber now provides an economical 


solution for difficult flexibility problems above 350 F 


Cast Urethane Rubber, 


Sept 16 ‘57, p 68—summary 


of properties for an abrasion-resistant elastomer that can have 
high hardness while retaining its flexibility. 
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WHAT IS BACKLASH? CONT ROL 

It is simply the clearance between a tooth and its mat- 

ing gap. Backlash can be measured several ways BAC K | AS ol 
for example, with a feeler gage slipped between the 


two mating teeth, or by holding one gear stationary 
and measuring the angle through which its mate rotates 
The latter method measures angular backlash and it 


could be related approximately to the feeler-gage 


measurement (linear backlash) by the formula G ao A i ' NJ G 
6 


300-7" 


where B linear backlash, in.; @ angular back- 


lash, deg; D = pitch dia of gear being rocked. No matter how accurately a pair of gears 
Many factors contribute to backlash—radial play 


in bearings, shaft eccentricity, pitch dia runout, and are made and meshed together, backlash 


incorrect center-to-center distance are the most common is bound to creep in. Solution: an antibacklash 
culprits. However, some of these same factors can 


cause the gear train to jam. Two methods are recom device. Here are 18, including some of the 


mended to prevent jamming latest, that the author rounded up when 


e Increase the center distance C by an amount A C 


equal to 70% to 100% of the total composite error 
TCE) permissible in the gears servo-positioning device he was 
@ Reduce the tooth thickness as specified in AGMA hi) 
standard 236.04 (Inspection of Fine-Pitch Gears). The designing for ITT Labs. 
standards contain tabulated values for the reduction 
of tooth thickness for all gear quality classes 

Thinning of the gear teeth reduces the gear pitch FREDRICK T GUTMANN, development engineer 
diameters below nominal, resulting in a predetermined ITT Laboratories, Nutley, N J 
range of backlash values listed in Table 10 of the 
AGMA standard 236.04. 


backlash became a serious problem in a 


. . . I 0S | fo el nate ) ] } 
Backlash is a cyclically fluctuating value. It can LT is quite impossible eae eoguegen 


approach zero at point of tightest engagement of a completely from a gear train—and still have 
pair of gears. The gears may be so phased, however train that will run smoothly without binding. A 
that this theoretical minimum is never attained. Gen other difficulty with backlash is ina ty to predict 


erally speaking, backlash fluctuates between min and it quantitatively—a set of precision gears mounte: 


max values, which may be somewhat different even on loose bearings may have m backlash than 
for two gear trains of identical design 1 set of commercial gears. But over the years quit 
It is not always necessary to eliminate backlash 
throughout an entire gear reduction train. Backlash 
of any one gear mesh reflected at the output is divided 
by the gear ratio of that particular mesh and the 
output. A 1° backlash at the first mesh of a 60:1 other hand, they allow relaxing some of the 

peed reducer is only 1-min. at the output. Thus, only uccuracy requirements of gears. Here are 18 of th 
the last pass or two may need attention latest available CONTINUED NEXT PAGE 


i few effective devices have been deve loped 
that practically eliminate backlash. ‘These devic« 
may tap some of the power available but, on the 


PRODUCT ENGINEERING - OCTOBER 26, 1959 REPRINTED circle P17, inside bock cover 71 








18 WAYS TO CONTROL BACKLASH «onze 


Adjustable-center Types 


Floating 
center 





— 








ye 


2 Single eccentric . . . 

, is one of the two well-known adjustable-center types. It 
jan Swinging can do the job when there are only two gears in mesh. 
orm 

Go 


Spring 








l Floating center... 

One gear center is stationary; the other, allowed to float or pivot 9 : 

Spring force holds the gears in intimate contact, thereby completely 2 Double eccentric . . . 

eliminating backlash. Applications: gear-rolling inspection fixtures, Is the second type, employed when a gear runs between 

worm-wheel drives. two other gears with fixed centers. In a gear train, ad- 
justable centers are usually alternated with fixed centers 


4 Adjustable tooth 
width... 


Controls backlash with a split 
gear that adjusts the effective 
tooth width. The two halves 
are rotated with respect to one 
another, at assembly of the 
gear train, until there is no 
appreciable backlash at point 
of tightest engagement. They 
ore then fixed in their rela 
tive positions by screws. This 
method, as with the adjust 
able-center method, eliminates 
backlash only at point of tight 
est gear mesh and proportion 
ately reduces backlash at the 
other points. 
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SIOM SPFiNgG Fined f 
machine 
2 Hairspring type... 
This device is useful for limited rotation only. One of the 
gears — usually the output — is loaded by attaching one 
end of a hairspring to a shaft, other end to a fixed pin 


-Staked to hub 
Extension 


spring — 


y 


‘ Unlimited rotation... 


Can be obtained with split spring-loaded gears. One 
gear is staked to the common hub; the other is free to 
rotate, but loaded by springs in one direction. The mating 
gear is solid and should be slightly wider than the split 
gear. The spring force can be varied by winding the split 
gear to vary amount of scissors action on mating gear 


r 
AAAAAAAA 


a | VVVVVVVV 





0 For rack and gears... 

The loading spring can be a coil spring, or preferably 
a spring of constant tension. For some designs, counter 
weights may be substituted, but they add mass and may 


require undue accelerating and breaking forces 


8 Another variation . . . 

Uses a ring-spring. This requires an annular groove 
which may be simpler to machine than milled slots for 
extension springs. Spring loading, of course, adds to the 
tooth load and wear, and requires a higher driving 
torque as compared with unloaded gearing 


Spring-loaded Loops 


9 Eliminating backlash . . . 

between two or more components, such as synchros mounted side 
by side, is a handy application for spring-loaded loops. The inter- 
mediate, dual gear in this 3-shaft loop contains one gear staked 
to the shaft, and one free to rotate, but has no loading springs. 
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10 For 4-shaft arrangements... 
The intermediate gears must be on 
different levels because edth 

mates with one portion of the spring 


loaded geor. 
CONTINUED NEXT PAGE 
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18 WAYS TO CONTROL BACKLASH 


Spring-loaded Worm 
and Bevel Gears 


|] In worm wheels... 

Backlash can be eliminated by 
employing a split-type wheel. 

But, because of needed clearance in the 
bore, the free portion of the split wheel 
tends to rock in the direction shown by 
the double-headed arrow as rotation 

of the worm is reversed. 


@ jf 
angning 


bearing Cantilever 


springs 





Front View End View 





|2 Second method ... 

Uses a floating mesh. One end of the worm is supported by 
a self-aligning bearing; the other end floats and is spring- 
loaded into the worm wheel by a force acting in direction 
of the arrow. This force can be supplied by mounting the 
floating bearing on two cantilever springs which act as a 
parallelogram 














Loading spring 











13 Spring-loaded bevel gears... 

are feasible if the blanks of the two parts are nested to- 

gether and cut simultaneously. A design of such gears, avail- 

able from stock from PIC Design Corp., is shown above. 
It is also possible to load helical gears in the same manner 

as spur gears, but this is rarely, if ever, done 


(CONTINUED) 


Special Gear Types 


) 


ray 


14 Sandwich gears... 

having nylon lamination sandwiched between two 
phosphor-bronze outer plates are employed successfully, 
shown above, in a drilling machine manufactured 

by Industrial Technics Ltd., Southampton, England. The 
three layers are machined to the same dimensions, 

but the nylon lamination swells slightly and is thus larger 
than the metal sections. This permits tighter meshing 

with standard pinions because of nylon’s high elasticity 
combined with good abrasive resistance. This design 

is said to be applicable to both spur and worm gear meshes, 
but has been only used in slow-speed drives, and no 
information is available on performance at high speeds and 
under heavy loads. 


15 Magnetic gears. .. 

Another type reported from England depends on the 
repelling forces between magnetized gears. Gear faces of 
the same magnetic orientation face the same way. 

This design is useful only for very small torques, in order of 
0.01 to 0.02 in.-oz. 
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Energized 


clutch 


Energized 
clutch 


Energized 
motor 


clutch 


Dual Gear Trains 


16 Mirror-image method . . . 
Runs two identical gear trains against 
each other. There is no backlash at the 
output gear. The arrangement (left) 
has eliminated backlash in radar anten- 
nas. A motor drives two counter-rotating 
gears placed on input shafts of two 
clutches. Each clutch is associated with 
one of the gear trains, and both trains 
terminate at the output “bull” gear. If 
one clutch is energized, the associated 
gear train rotates the bull gear, say, 
clockwise. At the same time, the bull gear 
drives gear train associated with the 
second clutch backwards. 

When the second clutch is engaged, 
the reverse happens. In this manner, both 
gear trains are always loaded toward 


7 Dual-motor drive... 

is a variation of mirror-image method. 
The two motors are controlled individu- 
ally, and if one motor drives, say, coun- 
terclockwise, the clockwise motor will be 
de-energized. However, it is necessary 
to insure that the de-energized motor, 
when driven through the gear train at 
high speed, does not act as generator 
and overload the entire arrangement. 
Whether to use the two motors and one 
clutch rather than one motor and two 
clutches depends on components’ cost. 


the bull gear: the active gear train by 
the clutch, and the driven one by fric- 
tion in the gears and bearings, which is 
reflected at the bull gear as a fairly 
high torque. 

Springs or other loading devices are 
not needed in this setup, but added 
torque from the input motor is called for 
to overcome friction in. the inactive but 
rotating gear train. Also, high tooth 
loads result at the pinions meshing with 
bull gear. Pinions driving the bull gear 
should be approximately, but not ex- 
actly, 180° apart. This will decrease side 
thrust on the bull gear, but also put the 
two gear trains slightly ouf of phase to 
make the output motion free of excess 
toothiness. 


18 Spring-loaded dual trains... 
A clutchless dual gear train is also pos- 
sible, but needs spring-loaded gears for 
proper operation. Shown here is a speed 
reducer of this type, made by Metron 
Inc., and available in several reduction 
ratios. Each gear mesh in the reducer is 
loaded by means of torsion springs. The 
designer can thus choose a ready-made 
backlash-free device to suit his needs. 








For REPRINT of above article, just check P17 on one of the 
Reader Service cards bound in this issue. 


EDITOR’S NOTE: For recommended center-distance dimensions 
and tolerance to keep backlash down to a minimum see 


“A Workable Approach to Gear Tolerances,” May 25 p 52. 


For a free reprint, write in “E81” on a Reader Service Card. 
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A two-part article recently illustrated many unusual gear ar- 
rangements to answer various tricky design problems. See 
“12 Special Gearing Devices,’ Mar 30 p 64, and “Another 
12 Unusual Gearing Devices,’’ Apr 13 p 78. 

For details on a planetary gear system modified to give 
fantastically high speed reductions, see ‘‘Novel Concept Gives 
Record Gear Ratios,’ June 22 p 67. 
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how to get... 


STRONGER PARTS 
FROM WORK-HARDENED 
SHEETMETAL 


This material has striking advantages as well as 


liabilities. Metallurgy shows how processing 


the material will influence design. The direction of 


rolling, for instance, makes more of a difference 


than you may realize. 


HERBERT A JAHNLE 
Metallurgical project engineer, The Budd Company 


Dcsigning with cold-rolled sheetmetal illustrates the 
value of knowing your metallurgy. The rolling hardens 
the metal while squeezing it into thin sheet. This 
increases yield strength and ultimate tensile strength 
the UTS of some steels can be tripled this way. But there 
is a drawback—ductility goes down. The apparent brittle 
ness of the rolled metal, and its softening and annealing 
with heat, have therefore combined to limit its usefulness 
by bringing up such problems as difficulty in fabrication 
and reliability of welds. But design guided by metallurgy 
will overcome many of the drawbacks. 

For example, weld joints can actually be 90% as 
strong as the parent metal; and some of the rolled 
materials will work well at moderately high temperatures 
without showing excessive creep or bringing up the limi 
tations given by lowered rupture strength 


Which Materials? 


In general, metals with a face-center cubic structure 
have good work-hardened properties. Examples are aus- 
tenitic stainless steels, nickel-base alloys and cobalt-base 
alloys. Austenitic stainless is the most popular work- 
hardened material for high-strength parts. From an 
annealed ultimate tensile of less than 100,000 psi, 
strengths up to 300,000 psi can be developed. The new 
est stainless steels have surpassed 350,000 psi by a 
combination of work hardening, transformation and pre 
cipitation. 

Special materials such as HS25, D979, and B120VCA 
have also shown promising work-hardened properties for 
elevated temperature or lightweight applications. Many 
of the tests to determine the cold-rolling and strain-aging 
capabilities of the material can also be used to decide 
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forming and fabrication steps of the sheetmetal parts 
during later stages of production. 


Cold-working Does This 


Such phenomena as fibering and preferred orientation, 
given by the cold rolling, explain directional properties 
in the sheet. Generally, rolling raises both ultimate and 
yield strength—but ultimate more in the direction of 
rolling, and yield more in the transverse direction. Duc- 
tility, both in bending and in tensile elongation, is less 
in the transverse direction. The modulus of elasticity, 
parallel to rolling, is lowered as much as 10%. Com 
pressive properties are better in the transverse direction. 
Physical properties such as thermal coefficient of expan- 
sion will also change with the direction, but whether they 
go up or down depends upon the material. When ma- 
terial is cross-rolled—in directions perpendicular to each 
other—it has more uniform properties. But cross-rolled 
sheet is not available in the continuous coil lengths 
desired for high-speed production. 

Cold working does straighten out the elastic portion of 
the stress-strain curve, enabling the elastic limit and 
yield stress to be determined with greater accuracy. 
Where the metal can be age-hardened after cold working, 
its yield and ultimate strength both go still higher and 
anisotropy (directional properties) goes down. Also, duc 
tility and residual stresses are reduced. 


Behavior at Elevated Temperatures 


Cold-worked properties of metals show up better in 
creep-tupture tests when service temperatures are under 
the recrystallization range. Below this range the 1000- 
hour stress-to-rupture strength will usually be greater 
than the 0.2% yield strength. For certain alloys this 
generalization doesn’t always hold true, so specific appli- 
cations require plotting the high-temperature properties 
to compare the hong- and short-time disadvantages of 
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—+t-100 % 
(No welds) 


10.1% 4 
(! weld) 














42 % 
4/4welds) 


A 
75% | 
(8 welds) 














94 % 
(/7 welds) 


(/4 welds/- 

















100% efficiency .. . 
can be approached by correct spacing and placement of 
resistance spot welds. Percentages here are given for tensile 
loading, not for fatigue 


cold working. Above the recrystallization range, the 
creep-rupture properties are usually inferior to those 
obtained by heat treatment. Again, exact properties and 
performance will vary: the more the cold work, the lower 
the recrystallization range, the longer the time at ele 
vated temperature, the more complete loss of work 
hardening benefits 


Fabricating These Alloys 


Because ductility varies with the direction of cold 
rolling, fabrication technique should vary accordingly 
Elastic springback is greater in the direction of higher 
yield strength. Minimum-bend radii should be deter 
mined for both directions of rolling the sheet. One 
necessary precaution is that laboratory bend-radii be given 
some margin of safety to avoid fractures during actual 
shop forming and bending. For maximum formability, 
aging—which lowers ductility—should be done after 
forming. If necessary, parts to be aged can be fixtured 
to avoid distortion; usually, however, temperatures are 
not high enough during aging to give serious warping. 
Another effect of bending is that it may severely change 
the mechanical properties at these points 


PRODUCT ENGINEERING - OCTOBER 26, 1959 


Fatigue life .. . 

can depend upon selection of joint configuration. In this 
series, stock was selected so that the joint assemblies are the 
same weight; the alternating load applied at top of inverted 
T is also the same 


CONTINUED NEXT PAGE 
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Burst test... 

checks joint efficiencies in these pressure bottles made from 
multiple layers of thin cold-worked sheet. Welds, which tie 
layers together, lower vessel strength but are needed as struc- 
tural support for parts that may be attached to tie vessel 
wall. Highest pressure was held by largest bottle, second 
from right; it failed at a hoop stress that was 93% ultimate 
strength of the parent metal. 


Joining by Welding 


Studying the joints given by arc welding is profitable 
It can result, in certain configurations, in weld strengths 
up to 95% the strength of the parent, hardened metal. 
Such study should include evaluating the weld strength 
in various gage thicknesses of the work-hardened ma 
terial while varying the width of the weld zone. The 
geometry or shape of the joint, and particularly its align- 
ment to the direction of stress, are also important in 
determining the end-result. Final evaluation is best made 
on the completed structure. This is because joints 
restrained in an assembly act differently from single 
welds. For example, a lap joint with spot welds might 
have the same load distribution as a butt fusion weld 
when the joint is stressed within a structure. 

Although the welding process anneals the metal 
locally, the hardened material adjacent to the weld zone 
retards the necking-down or reduction in cross-section of 
the annealed metal. The stress distribution thus devel- 
oped actually increases the apparent strength of the 
annealed metal in the weld. For example, if a standard 
tensile specimen of metal hardened to 250,000 psi were 
annealed locally in a narrow band across the width to its 
fully annealed strength of 75,000 psi, the specimen 
would fail in the annealed zone, but at a value closer to 
150,000 psi than 75,000 psi. Similarly, arc-welding two 
work-hardened specimens would give strength at the joint 
greater than that of the weld-annealed material. 

For spot welding, optimum nugget diameter is four 
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times’ sheet thickness. This is the size where, for equal 
thickness of sheet, the shear area of the weld nugget 
equals the shear area in the sheet around the nugget 
Chis holds true for sheet from 0.030 to 0.060 in. thick 
rhe pattern for nugget placement can be developed for 
optimum joint efhciency by performing the weld-joint 
studies similar to the arc-welding studies above. Spot 
welds in specific materials should be tested in tensile 
shear and direct tension to determine placement and 
loading of the welds in a structure. 

In comparison with metals which are heat-treated to 
similar strengths, spot welds in cold-worked sheet ar 
more ductile—therefore have less effect on concentrating 
stresses. This allows design with cold-worked metal at a 
higher strength than heat-treated steels, and parts can 
have higher stress levels, with resultant greater reliability 
in service 


Strain-aging Benefits 


In many alloys, aging or precipitation-hardening will 
not occur to any extent without prolonged heating time. 
Sometimes cold working can induce this precipitation 
ind strengthening therefore occurs within practical heat 
treat times. When the precipitation temperatures ar¢ 
below the recrystallization temperature, these strain 
aging effects will give added strength to the material 
lhere is a corresponding loss in ductility but for complex 
structures this method of hardening imparts extra hard 
ness and strength with relatively low aging temperatures 
In some alloys extremely high strengths can be obtained 
—often unattainable by other strengthening methods 


EDITOR’S NOTE: Other articles on how to design structures 
with thin metal sheet: “Meet the ‘Insect-wing’ Metal Panel,’’ 
Mar 16 ‘59, p 62; “7 Closer Looks at Metal Properties,” Oct 
27 ‘58, p 48; “Watch Out for Compression Loads,” Dec 9 
‘57, p 72; “Waffle Beading for Stiffening Sheetmetal Panels,’ 
Aug ‘55, p 171 
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Difficult machining job? Shop management at 
Blanchard Machine Company, Cambridge, Mass., 
made it a simple production operation using a 
standard Fellows Gear Shaper. Eight of these 
segments are shaped at one time, as shown in the 
photograph. A special gear shaper cutter gener- 
ates all of the internal surfaces in one revolution 
of the work table. The segments are then simply 
cut apart, drilled and tapped. The pieces are seg- 
ment clamps to hold grinding wheel sections in 


THE 
PRECISION 
LINE 


2 RADII, 
3 SURFACES 


4 Cut in One Operation 


the chuck of the Blanchard Surface Grinder. The 
same Fellows Gear Shaper, using appropriate 


cutters, can produce an almost infinite range ol 
non-circular shapes, simple or complex, as well 
as internal and external spur, helical and herring- 
bone gears, and gears close to shoulders or in re- 
cesses. The advantages of the Gear Shaper are 
illustrated in “The Art of Generating with a 
Reciprocating Tool.” If you would like a copy 
just write us. 


THE FELLOWS GEAR SHAPER COMPANY 
78 River Street, Springfield, Vermont 
Branch Offices: 
1048 North Woodward Ave., Royal Oak, Mich. 
150 West Pleasant Ave., Maywood, N. J. 
5835 West North Ave., Chicago 39, Ill. 
6214 West Manchester Ave., Los Angeles 45, Cal. 


Gear Production Equipment 
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22 CLAMPS for WIRE °¢ 


FRANK WILLIAM WOOD JR, 
design engineer 
Vitro Laboratories, Silver Spring, Md 


In any product that needs wire, design must provide 
some method of support that will keep the wire safely 
away from such troublemakers as moving parts, sharp 
edges and areas of high heat. Clamps answer this prob 
lem found in a multitude of industries—from household 
appliances to ships and missiles 


Sponge rubber. . . 


cushions this clamp—ideal for high-voltage leads 


Extended insulation 


A special survey of clamps that are available for 


a variety of design requirements. 


leatures of some commercial clamps are 
e Self-retaining (no mounting hardware required 
e Easy opening for cable removal. 
e Positive locking (doesn’t loosen under vibration) 
>> 


Here are 22 ways these various features are designed 
into clamps, which can neatly solve special problems 


Band clamp .. . 
holds wires together but does not secure cable to structure 


Insulating 
cushion 


hibbed cushion 


Section A-A 


Slot allows.apening clamp without 
a’ removing screw 


. 


Insulated clamps . . . 
can’t spring open accidentally, yet will open 
easily for servicing. In 3 dia of clamp must 
match cable dia; ribbed cushions of types 
4, 5, 6, take varying dia. 


Section A-A 
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g and CABLE 


Metal half-clip . 
is speedy, compact, has in- 
tegral, formed-spring nut— 
but must be insulated from 
current-carrying wire 


oo ae ee “2 


Nylon “half-clip” 

provides minimum-height clamping, is re- 
movable without disturbing wiring, but 
doesn’t insulate under the wiring 


mex. sa 
ome 
res. ( Clamp locks by 
one, rotating in 
~ “| oirection of 
, 


Orr ow 














; 


2 wiles each 
J 4), 
Vg dio 








Tinnermon Typi < | 
ypicol assembly nnerman 


x = 
10 — 
Dart-type clip .. . Flat clamp 
holds 3 wires, snaps easily into and out of panel hole holds wire that is first fed through holes; then 


taches it to structure 


rotating the clamp at 


Blind-mounting clamp . . . Harness clamp 


can be fastened in panel hole at any location has no loose parts, opens with a 4 turn of hinged top, is 


vibration resistant CONTINUED ON PAGE 83 
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Same HP 
Capacity 

in far smaller 
drive “package” 


New high capacity V-belt 
cuts drive cost as 


Reduce size, cut costs! Gates new Super HC V-Belt 
Drive puts power transmission in a smaller package — cuts 
costs all along the line! 


With Gates Super HC V-Belt Drives you use fewer 
belts, smaller sheaves. Sheave diameters and widths are 
reduced 30% to 50%; center distances 20% and more; 
weight is substantially reduced. Initial drive cost is cut as 
much as 20%. 


Furthermore, as every designer knows, a more com- 
pact drive insures other savings, too. Smaller housings, 
bearings, bases and other components cost less; machining 
time is often reduced; shipping costs are lowered. And 
finally, the ultimate user gets the benefit of lower main- 
tenance costs—less down time! 


“The Modern Way to Design Multiple V-Belt Drives” 
is an informative handbook on Gates major advance in 
power transmission—the Super HC V-Belt Drive. Your 
nearby Gates Distributor—listed under Belts or Belting 
in your phone book Yellow Pages—will be glad to furnish 
a copy of this handbook. 


FN The Gates Rubber Company e Denver, Colorado 





BEFORE @ AFTER @& 


COMPARE: Conventional drive at left was 
replaced with Gates new Super HC V-Belt Drive 
at right. Three of Gates new, narrow HC V-Belts 
do the work of the former 6 standard width 
belts. In this application the new drive actually 
takes one-third the space of old! 








TPA 391 


eee Gates Rubber of Canada Ltd., Brantford, Ontario 


World's Largest Maker of V-Belts 


ates Super HC V-Belt Drives 
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Product Engineering 


O CLAMPS FOR WIRE AND CABLE conn 





Strain-relief Types 


Prelatched position | 
(Prepositioned on wire) 





‘ Strain-reliet 
opplication 


pwcoozcosma 20-9 MOG 


Embossed 
clomping ribs 


4 


Combined clomp 
ond strain relief dhisasibon 


Strain-relief clamps . . . 

shown on this page may be either spring-clip type 
13) which accepts one-, two-, or three-wire cords 
and holds against 35-lb pull; or squeezed-on types 
14, 15, 16. Rubber grommet in typical assembly 
17) prevents sharp panel-edges from fraying wire 











ONTINUED ON PAGE 85 
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POWERGRIP “TIMING” BELT 


Why Reo’s new ready-mix truck 
(with a flywheel power take-off) 


Reo's* new transit mix truck has a revolutionary new fly- 
wheel power take-off. This does away with a separate engine 
or a take-off from the front end to truck engine crankshaft 
Reo's take-off is factory designed, and engineered and in- 
stalled as an integral part of the chassis engine drive. It is 
at the rear of the engine, ahead of the transmission. Only 
U.S. Rubber’s PowerGrip “Timing”® Belt can deliver the 
positive, smooth, direct, even-flowing power desired by 
Reo’s engineers. PowerGrip “Timing” Belt eliminated the 
need for lubricants and the possibility of oil leaks. This 


Mechanical Goods Division 


...iS equipped with PowerGrip “Timing” Belt 


positive drive belt is an essential, functional part that helps 
bring to the transit mix operator a payload increase from 
400 to 600 lbs. per trip 

The efficiency and the freedom from maintenance that 
U.S. Rubber’s PowerGrip “Timing” Belt has brought to 
this new revolutionary Reo drive has been demonstrated 
repeatedly on original equipment and replacement drives 
Your U.S. Rubber distributor and “U.S.” transmission 
engineers stand ready to help you with any transmission 
replacement or design problems. 


*Div. of White Motor Co., Lansing, Michigan 


WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


Rockefeller Center, New York 20, N.Y. 
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In Canada: Dominion Rubber Company, Ltd. 
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Product Engineering 


CLAMPS FOR WIRE AND CABLE connwweo 


Dual clamp 
is another example of economical, easily 


installed multifunction fasteners PE— 
June 9 ‘58, p 78 


oe Seo ee ee Le 


aL 


Nylon snap clip 
gives simple, quick mounting that is in 
sulated and noncorrodible 


Self -clinching 


Thomos 6 Betts 


Electrovert inc 

wgheye C Lock with foo 
applied type 

Cradle clip ‘ 

features ease of attachment and small size &» Harness ties 

Weight is 0.012 oz. Neoprene part is of nylon or polyethylene can be rapidly applied. One-way action of “Ty-Rap 

permanently hinged 21) prevents accidental loosening of assembly. Springs can be relieved by 

small tool for deliberate removal 


<> =O 10-0 6-00-0000 00000 OOO 


Beaded tie 
is quickly adjustable; after tightening 
however, it holds its grip well. 


Genero! Cement Mfg. Co 








whatever you make in stainless steel wire 











let Allegheny quality help cut production costs 


You start off with cold-drawn wire of almost every standard 
grade, tempered to provide many correlations of hardness 
and tensile strength to fit a wide variety of stainless steel 
wire products. 

You go from there to Allegheny quality—absolute uni- 
formity in every order. Your specifications are faithfully 
followed, order after order, and that adds up to savings 
in production costs. 

If you make springs, you get uniform tensile strength in 
every batch . . . and with rope wire. 

In weaving wire you get the same deadsoft temper, uni- 
form properties for perfect weaving without ridges. 
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ALLEGHENY LUDLUM 


for warehouse delivery of Allegheny Stainless, call RYERSON 
Export distribution: AIRCO INTERNATIONAL 
EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 


In cold-headed wire you get absolute uniformity tha’ 
ties in with automation production processes. 

Whatever you make in stainless wire, Allegheny Ludlum 
offers you adequate stocks of all standard grades for fast 
shipment. Special stainless steel wire on order. 

A-L’s technical staff will be glad to help you with prob- 
lems of selection and fabrication, or offer technical assistance 
to help you cut shop costs. 

Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. Address Dept. PE-22 


Write for your copy of Allegheny Stainless Wire, 
Illustrated 20-page booklet, which fully describes 
analyses, physical properties, corrosion resistance 
and principal applications of stainless wire. 
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Electronic control unit. . . 

automatically stops molding and forming 
machines from applying clamping pres- 
sure when dies are not closing properly. 
Control receives information from pres- 
sure sensor fastened to die cylinder and 
position sensor mounted on mold. When 
ever hydraulic pressure of die cylinder 
predetermined setting due to 
misalignment of die parts, tightening of die 
pins, lack of lubrication, foreign matter 
other malfunction, 
control automatically stops and reverses 
die piston’s forward motion and opens 
Control is self-adjusting and auto 
requiring no settings or adjust 


exceeds 


lodged in molds or 


dies. 
matic, 
ments after initial setup, and compensating 
for temperature and mechanic changes 
Priced from $431.75 to $580, depending 
Approximately 3- to 4-wk 
delivery. Wintriss Inc, 20 Vandam St, 
New York 13. 

Circle 300 on Reader Service Card 


on model 


Thin tracking wafer .. . 

about the size of nickel is capable of de 
tecting and resolving the angular position 
of light or other 
angles of motion smaller than 0.1 sec of 


forms of radiation at 


Furthermore, it can be aimed elec 


hanical rotation of cell 


arc. 
trically so that me 
is unnecessary, eliminating complex me 


hanical apparatus. Using standard x-y 


recorder or similar device, semiconductor 
wafer can give accurate position informa 
tion along one or two axes. Presently avail- 


able tracking transducers are sensitive to 
light wavelengths from 0.5 to 1.1 microns 
with 


Can be used in computer techniques and 


Performs microsec response time. 


for automatic control. Detection process 


occurs by means of lateral photoeffect in 
lransducers are $690 
$200 each for 
about $100 for 
Immediate delivery 


Systems Inc, 170 N 


silicon p-n junction 
each individually; 
1,000 to 10,000 
more than 10,00 
Electro-Optical 
Daisy Ave, Pasadena, Calif. 
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about 


units; 


COMPONENTS Gy 7 yg iS 


Multiform fused silica . . . 
products in a wide variety of shapes are 
formed either by slip-casting or dry press 
ing. Resulting opaque, fine-grained struc 
ture can be machined to tolerances of 
+ 0.001 in. Has density of 1.9 to 2 grams 
per cu cm or 120 to 125 Ib per cu ft 
Porosity is 9 to 13.6%. Sizes equal to any 
achieved by conventional ceramic forming 
Multi 
form fused silica is extremely viscous at 
high temperatures and tends to sublime 
before it can liquefy and flow. Can with- 
stand long-term use at temperatures over 
1700 F and intermittent use to 2250 F. 
Material is reported to have excellent 
resistance to thermal shock and stable di- 
electric constant and low loss tangent over 
broad temperature range. Samples of the 
material are available. Price and delivery of 
multiform fused silica products depend 
upon specifications of the configuration 
and quantity. New Products Div, Corning 
Glass Works, Corning, NY. 
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processes are said te be possible. 


Tandem hydraulic pump .. . 


incorporates two hydraulic pumps on a 


common shaft. Assembly uses patented 
pump impellers with elliptical tooth form 
that eliminates trapping between teeth 
and roots. Trapping causes noise, pulsa 
tion and bearing wear. Gear design per 
mits speeds above 4,000 rpm and flows 
of 250 gpm in larger pumps. Nontrapping 
feature of design is said to result in lower 
hp absorption, heat 
needs, Among first applications is model 
designed for a_ construction 
Larger pump is rated at 60 gpm at 1,800 
rpm and zero pressure, with 56 gpm flow 
at 1,800 and Smaller 
pump is rated at 18 gpm at 1,800 rpm 
and zero pressure and 16 gpm at 1,800 and 
Delivery, 90 to 120 days 
Hupp Aviation Co, Div of Hupp Corp, 
6633 W 65th St, Chicago 38. 
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reducing removal 


machine 
rpm 


1,500 psi 


1,500 psi. 
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Plugboard program timer... 
offers flexible time and sequence cycles 
with accuracy in any given step of 4 to 
4% of actual interval. Over-all cycle dura 
tion may be expanded to almost unlimited 
length without losing this accuracy. Plug 
in units compose time base and may be 
exchanged in a few moments. Time ranges 
from 10 sec to 80 hr, 60 cps, are available 
Standard units will normally be supplied 
with time to seven 
unit timers, coupled to plugboards of from 
x 7 configuration. Timers reset 
automatically when all in 
stalled timers complete preadjusted ex 
cursion. Normally rated to 10 amp at 115 
v ac. Especially adaptable to cyclical proc- 
ess where frequent changes have to be 
made as quickly as possible. Device is said 
to offer flexibility and accuracy not avail 
able before in timers of comparable price 
Prices range from $408.50 to $781. De- 
livery, about 4 wk. Seely Instrument Co 

Inc, 377 Fourth St, Niagara Falls, NY. 
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bases of from three 


3x3to7 


themselves 


In-line pressure switch . . . 

for hydraulic, fuel and pneumatic systems 
is said to be unaffected by jarring or vi 
bration. Piston-type pressure sensing unit 
performs accurately under fast continuous 
point 
point of actuation and may be adjusted ex 


operation. Compression controls 
to accommodate minor changes 


Standard units with 4 in. male pipe pres 


ternally 


sure connection and 4 in. male pipe ele 
trical conduit connection are available from 
to 3,500 psi. Valves weigh 2 oz, are 
3 in. long and will operate in — 65 to 165 
F with electrical rating of 15 amp at 120 
v ac. $14.75, list. Available from stock 
Fisher Controls Inc, 1928 Lincoln Blvd, 
Santa Monica, Calif. 
Circle 305 on Reader Service Card 
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Plastics absorbs vibration . . . 

ind sound, making it suitable for a variet: 
of applications, such as linings for many 
types of machinery 


noisy housings, as 


noise suppressor covers for pumps and 
laminated to it 
and for 
dampening sound and vibrations in busi 
Material is flexible viny 
plastics sheet impregnated with metalli 


lead and backed 


woven glass fiber cloth or cotton duck or 


foams 
wall 


ompressors, with 


for ceiling and coverings 


machines 


ness 


powder with either 


other fabrics. May be obtained with pres 
adhesive Manu 
factured in weights from 0.3 to 1.75 Ib 
per sq ft. Can be obtained in rolls from 
1 to \ few 


strips are said to be effective in stopping 


ure-sensitive backing 


36 or 38 in. wide narrow 
vibration energy patterns of a large area of 
heet metal. Samples are available on 1 
Priced from $3 to $14 per running 
d, 38 in. wide, depending upon weight 
to 2-wk delivery. Cordo Chemical 
Corp, 34 Smith St, Norwalk, Conn. 
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quest 





Instant reversing .. . 

n heavy-duty infinitely variable fhp speed 
omplished by bell crank 
lever. This 
ncreases max torque limit at which instant 
reversing is possible from 100 to 450 in.-Ib 


ontrols is ac 


nechanism controlled by a 


It is incorporated into gearheads for 4 hp 
Models 54 and M54 and 3 hp may 
Models 24 and M24. Zero-Max Co, 1900 
Lyndale Ave S, Minneapolis 5. 
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aX 


Automatic time reader . . . 
track ot 
tape with switches set to designat 


ompares timing oT index 


hla 
neti 
the beginning and end of tape sections of 
interest. Related control signals then ef 
Unit 


omposed of transistor equipped plug in 


fect print-out or other desired action 


10dules mounted along with power sup 
ply on 16-in. deep chassis. Vitro Labora- 
tories, 200 Pleasant Valley Way, West 

Orange, NJ. ; 
Circle 308 on Reader Service Card 


Tread wheels .. . 


f polyurethane elastomer have tensile 


trength of 5000 psi and elongation of 
0% or more. Said to outlast rubber 


treads as much as 5:1. Available in range 
of wheel sizes from 6 to 12 in. dia or as 
regular swivel, rigid, dual wheel or special 
casters. Operates in —40 to 200 F. Albion 
Industries Inc, Albion, Mich. 
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Constant-speed de motors. . . 
and timers are said to provide high accu 
racy of speed even with wide voltage and 
Permit 


tits from battery or other dk 


load fluctuations control of cu 
powe! sup 
ply. With operating voltage ranging from 

to 110 v de and 0.06 to 2 w input, 
torque up to 150-in.-oz can be produced at 
1 rpm. Suitable speed from 900 rpm to 
1 rev in 24 hr or more can be provided 
Amglo Corp, 4325 N Ravenswood Ave, 
Chicago 13. 
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One-package coating . . . 
for glass fiber reinforced polyester and 
wide 
range of brilliant colors and in gloss rang< 
from flat to high. Said to resist flexing, im 
pact, abrasion, moisture, acids and alkalis 
Can be applied by spray or dip-tank in one 
oat operation or can be used as top coat 
ing in two-coat system. Universal Paint & 
Varnish Inc, Bedford, Ohio. 
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phenolic plastics is available in a 


FHP motor-mounted brake .. . 
is rated 3 lb-ft torque. About 30% lower 
in price than previous design. Gear Mo- 
tor and Transmission Components Dept, 
General Electric Co, Paterson, NJ. 
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Miniature motor-generator . . . 
unit low-inertia control motor 
Rate 
erator has output of 10 v per 1000 rpm 
of about 1%. Motor gear 
to 3600:1 are availabl 
Standard control winding impedance is 
5400 ohm locked rotor 
im. Sq m= CTOSS section 
are 44 in 


ind 5 in 


combines 


with ac drag-cup rate generator gen 


with linearity 
ratios from 2.5:1 


All units are 244 


and max over-all 


lengths for direct-drive motors 
Holtzer-Cabot 
Motor Div, National Pneumatic Co Inc, 
Boston. 
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for gear motors 


infrared detector . .. 

1S reported to measure and control, auto 
matically, temperature of moving or sta 
tionary objects without physical contact 
Operation is based on thermal radiation 
emitted by object. Infrared transmitting 


lens focuses radiation onto infrared de- 
tector, which generates signal voltage 
Signal voltage proportional to radiation 


intensity is amplified to level sufficient to 


drive indicator Operation is remote 
Standard ranges are from 400 to 2000 | 
Full scale response is 2 sec. Device is un 
affected by temperature variations from 20 
to 120 F. Available with indicators or re 
cording potentiometers. Radiation Elec- 
tronics Co, 5600 W Jarvis St, Chicago 48. 
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Neon indicator light . . . 

is composed of 1/25 w neon lamp enclosed 
Fitted with self-adjusting 
mounting clips, permitting insertion on 


in plast Ic Case 


0.031 to 0.093 gage metal. Also fits most 
Available for 125 
with red or white translucent 
choice of standard im 
Westmoreland 
Gertrude St, Latrobe, 


tandard switchplates 
or £5U V; 
aS¢ and several 
printings. UL-approved 
Plastics Co 
Penna. 


Inc, 
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High-pressure solenoid 
valves... 
for use with air, oil, water and other com 
mon media are built to UL requirements 
in standard and explosionproof construc 
tion. Operating pressure differentials are 
5 to 1250 psi on ac voltage; 5 to 1000 psi 
on de voltage. Two-way, normally-closed 
valves offered in wide range of voltages and 
frequencies. Orifice size is 4 in. dia with 
} in. NPTF ports. Bodies are forged naval 
brass, internal parts stainless steel. Skinner 
Electric Valve Div, Dept RR136, 105 
Edgewood Ave, New Britain, Conn. 
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Standard hardened shapes... . 
are now available in over 12 cross-sections 
in over 80 sizes. Sections are being used 
for dies, die sections, flange sections, ways, 
gibs, rails, wear plates and associated uses 


. » » CONTINUED ON PAGE 90 


PRODUCT ENGINEERING - OCTOBER 26, 1959 





PRODUCT ENGINEERING - 


NOW...up S H*scere bearing capacity 


, Mm 


Spherical-end rolle 


... yet Kaydon Thin-Shell needie bearings cost you less! 


Kaydon Thin-Shell needle bearings with spheri- 
cal end rollers give greater effective length. For 
example, bearing number KN-060904 has 90% 
more load-carrying capacity than comparable 
bearings with conical end rollers . . . 6.85 times 
longer life. All at lower cost to you. 

And Kaydon Thin-Shell bearings save you 
money not only on initial purchase price . . . but 
also on the assembly line. Neat-as-a-pin con- 
struction and pre-packed lubrication speed-up 
handling and installation wherever capacity and 
precision are critical factors. 


va KAYUUN 


MUSK EGON+MICHIG 


All types of ball and roller bearings — 4" 


inside diameter to 178 


Performance proved: Since 1956 millions of 
Kaydon Thin-Shell needle bearings have 
used on agricultural and construction equipment 

. in aircraft, power tools, lawn mowers, two 
cycle engines, chain saws, automotive transmis 
sions and steering gears. Billions of the 
type of loose rollers are used each year by the 
automotive industry and uni 
versal joints. 

For Kaydon Thin-Shell needle bearing details 
or personalized bearing counsel, a call or letter 
will bring fast action. 


been 


Same 


in transmissions 


NOW IN STOCK off-sheif de 


livery! Fourteen sizes of Kaydon Thir 
tol™% 


nmediate 


She 


and ready for i 


needie bearings 


in % bores and the list is constantly growing 


NGINEFERING 


outside diameter 


Taper Roller © Roller Thrust © Roller Radial ¢ Needle Roller ¢ Ball Radial ¢ Bail Thrust Bearings 
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Lengths range up to 120 in. Also available 
are clad aluminum bronze wear plates with 
+ in. thick aluminum bronze clad to a 
machinable steel base. Ohio Knife Co, 
Dept B-100, Cincinnati 23. 
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Lubricant dispenser . . . 

provides automatic fluid ejection for oils 
light grease, liquid soaps, tap lubricants, 
glycerine and other liquids in predetet 
mined volumes. May be purchased sepa 


rately or with reservoir and actuating 


switch. 115 or 230 v ac, 
are standard. Operating pressure is 30 psi 
min and 150 psi max. Unit, including 
360-in. flexible tube and nozzle, is $59; 
l-gal. oil reservoir with depth gage, $6; 
limit switch to actuate $15 
Logansport Machine Co Inc, Logansport, 
Ind. 


50 or 60 cps coils 


solen nd, 
Circle 318 on Reader Service Card 


Ac fhp gear motor line . . . 
has been extended by addition of right 
ingle and integral-type designs, in ratings 
from 4 to + hp, with output speeds of, re 
spectively, 197 to 6 rpm and 780 to 13.5 
rpm. Where they replace older designs 
they are lower in price. General Electric 
Co, Schenectady 5. 
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Titanium bolts, nuts .. . 
ind washers can be made to meet exact 
tolerances and specifications Star Stain 
less Screw Co, 699 Union Blvd, Paterson 2, 
NJ. 
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High-temperature lubricant... 
is concentrated dispersion of colloidal 
molybdenum disulfide in an LB 
Ucon lubricant 


series 
Said to resist settling and 
to lubricate at temperatures above point 
where most petroleum oils carbonate. Sam 
ple can be obtained by writing. Acheson 
Colloids Co, Port Huron, Mich. 
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Indicating pneumatic control 
for temperature or pressure offers fully 
compensated thermal system as standard 


feature. Designed as controller, trans- 
mitter or receiver-controller, permits quick 
adjustment of control point, proportional 
band (0.5 to 100% of scale range) control 
action and reset action 
are standard }-in. pipe. Air supply is 18 
to 20 psi. Temperature ranges of —30 to 
170, 50 to 250, 150 to 350 and 250 to 
450 F are offered. Pressure ranges of 0 to 
20, 3 to 15 and 0 to 150 psi are available 
Fulton Sylphon Div, Robertshaw-Fulton 
Controls Co, PO Box 400, Knoxville, 
Tenn. 


Air connections 
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Miniature clinch nut... 

with integral nylon cap that protects bolt 
threads against corrosion, chafing of wires 
by exposed bolt ends, effectively limits 
corona and electrical discharge in high 
internal or ex 
ternal pressures up to 50 psi past bolt 
threads 


ment is 


voltage circuits and seals 
One-piece cap and locking el 
heat-stabilized nylon, 
Shank lengths of 0.040 
and 0.060 are available in each thread size, 
4-40 through 10-32. Made of steel, cad 
mium-plated, and stainless steel, plain 
finish. Elastic Stop Nut Corp of America, 

2330 Vauxhall Rd, Union, NJ. 
Circle 323 on Reader Service Card 


made of 
for up to 350 I 


Malfunction detector . . . 
is capable of sensing destructive vibratory 
forces in rotating and reciprocating ma 
chinery. Vibration-sensitive device is said 
to sense imbalance or high-frequency vibra 
tion caused by failing bearings, broken 
blades or similar May be 
wired to activate an alarm or cause ma 
chine shut-down. Robertshaw-Fulton Con- 
trols Co, Santa Ana at Euclid 
Ave, Anaheim, Calif. 
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malfunctions 


Freeway 


Choice of terminals... 

can now be supplied with terminal blocks 
Available are 
a combination of both, as well as screw 


stud or turret terminals or 


terminals. On double-row terminal blocks, 
a combination of terminal types can be 
used for the two rows and bus plates 
supplied to connect the two rows at 
any point between the barriers. Kulka 
Electric Corp, 633-643 S Fulton Ave, 
Mount Vernon, NY. 
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Rerated fan-duty motors .. . 
in NEMA frames sizes 182 through 362U, 
4 through 15 hp, are furnished in speeds 
of 1,800 1,200 or 900 rpm. Motors are 
totally enclosed and have deep external 
cooling surfaces ar¢ 
Duty 
continuous and temperature rise 1s rated 
at 131 F. Available for three or 
phase operation in all standard frequen 
cies and commercial voltages below 600 \ 
Lima Electric Co Inc, Dept 145, Lima, 
Ohio. 


cooling fins All 


accessible for cleaning. rating is 


two 
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Temperature controller . . . 
utilizes up to five separate control points 
Instru 


m a single power supply chassis 


ments continuously measure temperature 


and electronically compare measurement 
with set-point temperature reference volt 
age. With optional anticipating section, 
control capability is +0.25 F and +0.5 
F with on-off unit 
controller with anticipating section is $49\ 
complete. Electronic Processes Corp of 
Calif, 436 Bryant St, San Francisco 7 
Circle 327 on Reader Service Card 


Five-channel on-off 


Nonchattering relief valve... 
for liquid service is offered in regular 
1 to 8 in. in a bellows 
version, to keep working parts away from 
contaminants, in 1-4 to 8 in 
signed to be stable and to provide full 


sizes from and 


sizes. De 


rated capacity, valve eliminates chattering 
drumming or hammering by design of 
throat, seat and baffle construction. Be 
cause chatter and associated bellows flex 
bellows life 


Avail 


trim 


eliminated, 
where used, is said to be extended 
with selection of body and 
Handles water, fuel and lubri 
cation oils, and hazardous, flammable liq 
uids. J E Lonergan Co, 211 Race St, 
Philadelphia 6. 

Circle 328 on Reader Service Card 


ing action 1S 


able 
materials. 


Cage-design roller bearings... 
are said to permit application at higher 
speeds than those attainable with full 
complement types. Longer and larger 
standard inch-size units result 

. . CONTINUED ON PAGE 92 
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JET ENGINE SUPPRESSOR 


WITHSTANDS 
SUPERSONIC SHOCK 


aqinaw ”/ b§ crew 


I 


BUTTRESSED BY THE 


Suppressor in use behind an Air Force F-86 H “Sabrejet” 


Muting the ear-shattering roar of a jet engine on 
pre-flight “run-ups” is the job of Koppers Company, 
Inc.'s new Portable Run-Up Suppressor. And four 
Saginaw Ball Bearing Screws—flanking the body of 
the Suppressor —help hold it rock-steady against the 
full force of the jet engine's supersonic blast! 


These Saginaw b/b Screws enable the Suppressor 
to be hand-raised or lowered into position faster 
and with far less effort than by any other manual 


Give your products 
NEW SALES APPEAL... 
switch to the 


means. The reason? The Saginaw b/b Screw converts 
rotary motion into linear motion with over 90% 
efficiency! And the dependable Saginaw Screw also 
played a significant part in keeping the Suppressor 
both light in weight and portable in design. 


Whether you manufacture miniature electronic con- 
trols or giant production equipment, the Saginaw b/b 
Screw may be able to give your products that 
valuable Sales Appeal you're looking for. To dis- 
cover all the benefits it can bring you, write or tele- 
phone Saginaw Steering Gear Division, General 
Motors Corporation, Saginaw, Michigan—world's 
largest producers of b/b screws and splines. 


aAagiInar 


WORLD'S MOST EFFICIENT ACTUATION DEVICE Nain CreayVv 
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product 
ties 

all 


a ne eee 


these 
together... 














YS 


BERYLLIUM COPPER ciccracal a 


Where performance is mandatory... where failure must not occur... 


4“ 


Berylco” beryllium copper provides the vital link between electrical com- 


ponents in aircraft/communication/business machines. Excellent fatigue 


life, combined with the high spring and electrical properties of beryllium 
the 


copper, insure positive (corrosion-free) contact with minimum of 


surface contact resistance. 
Do you have such a problem? Write us today for descriptive literature 
and engineering data. Qualified technical assistance is always as close as 


your phone. 


VISIT US AT THE METAL SHOW, CHICAGO, NOVEMBER 2-6, BOOTH 1636 






— 


GD THE BERYLLIUM CORPORATION 


® 





P. O. Box 1462, Reading, Pennsyivania 
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New Parts and Materials continued 


guidance at roller ends 





x Ab 


flange riding cage \ 
end relieved rollers 


4 





m greater Capacities than previously vail 
able. Rollers have controlled contour pri 
files, ends being a few hundred-thou 
sandths of an inch dia less than middle, 


preventing stress mcentration at ends 
Made in sizes } to 4 in. bore, bearing 
may be applied directly to hardened and 


ground shafts or used with inner ring 
which are also available. One-piece ca; 
design separates roller guiding and roller 
retaining functions by a cage bar d pressed 
within roller pitch circle Roller rotation 
distributes lubricant to all contact surfa 


lorrington Co, Torrington, Conn. 
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Hydraulic pressure gage... 

indicates peak pressures with full : 
ranges of 0 to 4000 
For usc tK 


drauli 


and 0 to 1 
trouble shoot 


systems 


and correct 
subjected te x 
transient pressures Contains pi 
1 peak detector, f 


When visua 


permanent record 


' 
pickup, amplifier anc 


owed by large meter 


sentation of 

gage has yutput te rminal into which stand 
1} 

ud oscilloscope ort scillog 


When used in thi 


ampliher with f 


raph in 
ittached 
De mes pressure 
utput of 40 v and frequency respon f 
0 to 1,000 cps. Hydel Inc, 
ow altham 54, Mass. 
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223 Crescent 


Durable tracing film. . . 


iid to have excellent surface f 
up t SH and has erasing qualiti 
to finest tracing cloth. Up to 2 ra 
an be made in the same spot with 
lestroying drawing surfa Surfa 


0.002 Mylar base 
Available in standard 25 
yd rolls. Ozalid Div, 
and Film Corp, 32 Corliss Lane, 

City, NY. 
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Material vate! 
sh et yackKa 


Aniline 


Johnson 


General 


Integrating switch . . . 


functions as a product of accelerat 

time. Normally closed monitoring 

signals start of integration | 

at given velocity closes norma 

switch Operating rang ire | 

g-sec over detection input of t 

with max of 5 consecutive g inputs with 

given range Holding device overcom« 
urth’s gravitational field and prevents int 


(Continued on page 96) 
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in fastener engineering 


One of the earliest and most basic break- 
throughs in fastener design was the common 
clothes pin. And, although DOT is not a manu- 
facturer of clothes pins, many a DOT industrial 
fastener has had an equally revolutionary effect 
on modern fastening technique. Hundreds of 
different DOT fasteners have created relatively 
minor revolutions in specific industries. 

A DOT fastener may save a few man- 
minutes of labor. It may save material. Or 
it may improve product performance and 
hence saleability. But multiply each small im- 
provement by the number of units in a true 
mass-production operation and the savings 
really pile up to impressive proportions. 


ER 
~> ... 


* 


ye 
STEWS 


a“ 


Atlanta, Boston, Chicago, Cleveland, Dallas, 
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Detroit 


Rather than spend your own design staff's 
time on fastening problems, it might pay you 
well to call in DOT. You'll have at your serv- 
ice a design and production organization with 
large-scale facilities for genuine mass-produc 
tion of special-purpose fasteners and self 
fastening devices of all kinds. 

Supplementing the Carr Fastener Company 
are a number of other plants which form the 
United-Carr Fastener group. They are located 
the 
United States, Canada, England and Australia 


in the principal production centers of 
Your nearest United-Carr field office (see be- 
low) is no further away than a telephone call 


from your desk. 


“ CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation « 


Cambridge 42, Massachusetts 


Offices In 


Los Angeles, New York, Philadelphia, Syracuse 





How Aeroquip Fluid Piping Service Can 


| _ TR } 


RR eesti 


a = ca 
; ; i 


x 


'- 


c 


\ \ 
Experienced Aeroquip personnel work closely requirements. It includes parts simplification, 


with your parts or service department personnel part numbering, interchange data, cataloging 
to develop a program which meets your precise and technical assistance. 


O je 
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implify Your Service 


AEROQUIP BULK HOSE AND REUSABLE FITTINGS THAT 
CAN BE FIELD ASSEMBLED REDUCE INVENTORY, 
SIMPLIFY ORDERING, STOCKING AND HANDLING 


Fluid piping service parts program costs can be reduced 
substantially and the whole program simplified when you 
use Aeroquip fluid piping components—bulk hose and reus- 
able fittings. 


You, your distributors and dealers actually deal with fewer 
parts. After standardizing on Aeroquip components, one 
major equipment manufacturer, for example, is now able to 
fill orders for more than 400 production assemblies from 
only 3 hose part numbers and 34 fitting part numbers. 


These fewer part numbers mean: 


1. Greatly reduced paperwork needed for ordering, in- 
ventory control and invoicing, save many valuable 
man-hours. 


Less required investment in parts inventory and a 


ye 
a7 


. 


A good example of parts simplification, this modest inventory 
display fulfills the requirements for hundreds of original part 
number replacements. 


Parts Program 


© DESIGN 

ee SORE ORD Gd - 

© PRODUCTION 

e FIELD SERVICE 
SERVICE PARTS 


faster turnover of stock, for both you and your service 
parts organization. 

3. Less space is required to handle the same volume of 

service. 

Aeroquip is able to assist you in your fluid piping parts 
program. This assistance includes promotion of the program 
and its opportunities for dealer profits to your distribution 
organization. It also includes assistance in instructing dealers 
and field service representatives on use of Aeroquip fluid 
piping components. 

Service parts program simplification is one of the five 
basic aids in Aeroquip’s Fluid Piping Service that extends 
from fluid system design, through prototype development, 
production assistance and field service. For complete details, 
fill in and mail the coupon below. 


Your dealers and distributors will value the savings in inven- 
tory dollars and space made possible by standardizing on 
Aeroquip Bulk Hose and Reusable Fittings. 


\eroquip 


Name 
Special Literature Available 
roquip Corporation, Jackson, Michigan Title 


Please send me a copy of Bulletin 614 explain 
ing your complete service of fluid system design 
and performance 


Company 


Address 


Please have an Aeroquip Sales Engineer call 
on me te discuss this service 


City 
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Does your product 
need rubber that costs 
20¢ a pound, or 75¢? 





Use this B.F.Goodrich check list 


to cut costs for molded or other B.F.Goodrich Check List 
special rubber parts 


for specifying rubber parts 
What is part’s function? 
a. Does it turn or is it station- 
ary? 
b. Does it drive something 
what speed? 


"ye of rubber compounds alone 
vary from 20¢ a pound to 75¢ 
And rubber parts with tight tolerances 
cost considerably more than those with 
wider tolerances. That's why it’s im- 
portant to give all the details when 
specifying molded or other special :. Does it seal something- 
rubber parts for your products where is the seal, ID, OD, 
The B.F.Goodrich check list on the or edge? 
right will help you assemble these On what kind of equipment is 
facts. B.F.Goodrich engineers use this it used? 
information to develop the rubber part a. For office use? 
to do the job for less. These men know 
which rubber compounds can stand “a : 
the heat, chemicals, weight, strain, Does sy mend in or around oil 
twisting and stretching your product a. What kind? 
will be subjected to and how to test the b. Is there high temperature? 
part before it is used Are there any acids involved? 
Because of its equipment and pro- a. What is the concentration? 
duction facilities, B.F.Goodrich can 
efficiently mass-produce all shapes, 
sizes and types of molded, lathe-cut, 
or other special parts. For example, 
hydraulic brake cups made by B.F Is there abrasion? 
Goodrich are used by the millions in a. Wet or dry? 
cars, trucks, aitplanes; B.F.Goodrich 
seals for automatic transmissions are 
widely used in automobiles; and ~ 
B.F.Goodrich rubber mountings absorb Tensile 
equipment-wrecking vibrations on rock Elongation 
shakers, punch presses and other vi- . Compression Set 
brating machines ». Is there an ASTM spec 
Not every problem can justify the involved? 
kind of research needed to develop the Dimensional tolerances required? 
exact rubber part you want, but some 
of the big ones do. If you are designing 
an important product which needs a Is there pressure? 
rubber part to help its performance or Must OD be concentrié? 
increase its value, assemble the facts 
using the B.F.Goodrich check list and 
send them to us. B.F. Goodrich Indus- 
trial Products Company, Department 


b. For industrial use? 


Is there high temperature? 
a. Intermittent or constant? 


b. Dry or liquid? 


What physicals are needed? 
Durometer 


Must the part be non-marking? 


Quantity needed? 
a. Immediate 
b. Future requirements 








M-710, Akron 18, Obio. 
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New Parts and Materials continued 
! 
gration below prescribed levels. Normally 
open switch has operating current capacity 
of 0.2 amp for continuous duty and will 
stand overload currents up to 5 amp f 
short periods. Units are filled with inert 
gas, hermetically sealed and equipped with 
solder terminals. Suitable for high-accurac' 
switching applications. Giannini Controls 
Corp, 918 E Green St, Pasadena, Calif. 
Circle 332 on Reader Service Card 


Large-size circuit board .. . 
contains total of 352 separate contact cells 
to facilitate assembly of experimental cir 
cuits using standard components and sub 
systems. Wires and component leads are 
electrically connected by inserting their 
ends into individual cells. Manufacturer 
claims circuits can be assembled almost as 
fast as they can be sketched. Two bus bars 
simplify wiring layout. Smaller versions of 
circuit board are used as training aids for 
students to assemble and disassemble cir 
cuit elements. Plastic Associates, 185 
Mountain Rd, Laguna Beach, Calif. 
Circle 333 on Reader Service Card 


Voltage regulator... 
that is transistor-equipped makes available 
low impedance dc from low voltage unregu 
lated de sources. Variety of models pro 
vide fixed and variable output voltages of 
6 to 20 v de and 15 to 35 v de at 0.5 amp 
from inputs of 24 to 32 v dc and 35 to 
45 v de. Size is 3 x 3 x 5 in.; weight, 16 
oz. Valor Instruments Inc, 13214 Cren- 
shaw Blvd, Gardena, Calif. 

Circle 334 on Reader Service Card 


50-power microscope . . . 
is 34 in. long and has adjustable lens 
for fine focusing Objective end has 
curved metal guard which reflects any 
light source, $2 plus 25¢ postage. Leslie 
Creations, Lafayette Hill, Penna. 

Circle 335 on Reader Service Card 


Pocket slide rule... 
made of acrylic plastic, has 15 deep-etched 
scales. In all-leather case with stainless 
steel pocket clip. Instruction manual is 
provided. Eugene Dietzgen Co, 2425 N 
Sheffield Ave, Chicago 14. 

Circle 336 on Reader Service Card 
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IMPORTANT ANNOUNCEMENT TO BALL BUYERS AND USERS 


New AFBMA Standards Simplif 
Ball Specifying and Ordering 


Example of Cross-Reference Table from 
Previous to Present AFBMA Ball Standards 


Recent publication of new ball standards 
by the AFBMA* incorporates important 
changes which enable ball users to speci- 
fy readily and accurately the product 
required. 


Most significant is the new method of 
grading balls. Under the new AFBMA 
standards, balls are graded by spherical 
tolerance expressed in millionths of an 
inch. For example: 


A ball guaranteed to be spherical within 
25 millionths of an inch is a grade 25. 


A ball guaranteed to be spherical within 
10 millionths of an inch is a grade 10. 


Shown at right is a table which serves 
as an example of how previous grade 
specifications are converted to new grade Now = —-) gr.>.% 
specifications for two widely used types of une . — 
balls. Complete conversion tables are Yae—te , 0004" 
included in the new Hoover ball catalog YAgr—1" - 0006" 
offered below. Yis"—1" 0005” 001” 

1 Yier—l" 001" 002° 
2000 5"—1” d of 004” 


Hl 


Size Dia. Tol! Dia. Tol. Basic? 

Range per Ball per Container Dia. Tol 
% mm—" .000010” 00002” « .0001” 
hy" —1" 000015” 00003” * 0001” 
Yg"—1%6" 000025” 00005” « 0001" 
1"4a"—2%" 000050” 0001” * 0002" 
3°—4" .0002” = 0005” 
Yg"—1%6" ' 0001” « .0002° 
1"4,"—2%" r ” ° « .0010" 
377—44" ; P #0015" 
Yg"—1%6" : ° i P * .0010° 
1"'4,"—4" ° # 002” 
Ye"—4” 001” 002° * .005” 


























>i ww nN Nh ee oo 








*Anti-Friction Bearing Manufacturers Association 


























‘Previously specified as “sphericity.” 
?Previously specified as “diameter tolerance per shipment.” 


NEW HOOVER CATALOG GIVES COMPLETE, UP-TO-DATE BALL INFORMATION 


This new catalog details America’s widest 
selection of standard balls in chrome, stain- 
less and carbon steel, brass, bronze, monel, 
solar and special materials. included are 
tables that show conversions from previous to 
new AFBMA standards. Send for your copy. 


Hoover Ball Division 
Hoover Ball ond Bearing Company 
5400 South State Rood, Ann Arbor, Michigon 


Please send new Hoover Ball Catalog 


lo@oowe}r — 


BALL AND BEARING COMPANY Company 
Boll Monvtocturing Facilities: Address 
HOOVER BALL DIVISION, ANN ARBOR, MICHIGAN 
COOLIDGE CORPORATION, MIDDLETOWN, OHIO 
STRQM STEEL BALL COMPANY, ERWIN, TENNESSEE 
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tRU-LAY PUSA-. CONTROLS PROVIDE ACCURATE, 
DEPENDABLE REMOTE CONTROL FOR HUNDREDS OF PRODUCTS 


e If your products involve remote control—electrical, 
hydraulic, pneumatic or direct—TRU-LAY PUSH-PULL 
FLEXIBLE CONTROLS can help solve your design prob- COMPLEX MECHANICAL 
lems. They provide positive remote control over long ‘ LINKAGE 
or short distances—up to 150 feet from the control et 
point. Because they operate while flexing, they can 
snake around obstructions. They will not buckle. They 
are ruggedly constructed, easily installed and operated, 
sealed against dirt and moisture, and will handle jobs 
with as much as 1,000 lbs. input. PUSH-PULL CONTROLS 
are simple, have but one moving part, are noiseless, 
and give a lifetime of accuracy. Mechanical linkages, p 
on the other hand, are complex. Unlike PUSH-PULL CON- cei 
TROLS, they are made of many parts, wear at many PUSH-PULL 
points, and produce increased backlash, lost accuracy, 
and vibration rattles. 


Sizes and Operating Heads to Fit Your Design 


Heavy Duty « For use where 
' - ; rugged duty prevails, but where 
| Minimum Maximum Input operation must be smooth and 

Recommended Load in Pounds accurate. Meets all require- 


Control Radius (Dependent ments for dependability and life. 


Dimension in Inches on Travel ) Light Duty « Gives smooth, 
accurate and dependable per- 
formance at low cost. Available 
with your choice of several types 
30 of knobs. 


























65-125 Selective Friction « Amount of 
friction can be changed to meet 
115-175 individual requirements of the 


operator or application. Friction 
300-600 constant at any setting. 
Position Lock « A slight turn of 
700-1,000 the T-type handle locks the con- 
trol in any position. Available 
in two sizes for light and heavy- 
duty applications. 


Micro Control « Push or pull 
the knob for instantaneous re- 
sponse, then rotate knob for > 
vernier adjustment. Built for 
smooth, efficient operation on 
any job. 


PUSHR\\. DATA FILE shows how 


- 7 a7 * 

to simplify, improve design 

PUSH-PULL CONTROLS are solid as a rod and flexible as a wire rope. 

They’re factory-lubricated for life, unaffected by temperature ex- 

tremes, and can be adapted to practically any application. For com- 
plete details on how you can use them, write for the PUSH-PULL DATA 

aa | Sn FILE. It contains 7 engineering Bulletins which describe in detail the 

-_—_—- operation of PUSH-PULL CONTROLS, their applications, features and 
advantages. Our engineers will be glad to help you make TRU-LAY 
PUSH-PULL CONTROLS a part of your product. 


PUSH-PULL CONTROLS *.° 


Automotive and Aircraft Division + American Chain & Cable Company, Inc. 
601-E Stephenson Bidg., Detroit 2 
6800-E East Acco St., Los Angeles 22 + 929-E Connecticut Ave., Bridgeport 2, Conn. 











AdTOMOLIVE & MIRCRAST DOVER 
————_—— 
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MOTORS 


1/200 thru 1 horsepower 
(other ratings up to 200 h.p.) 


_ ie 


?. DuPont Mylar” slot 


cell insulation 


Easy access terminal box 


3. Lightweight, die-cast 
aluminum end heads 
4. Dependable, silent 
centrifugal switch 
~ 
ee 
— alk 


— 


on Precision die-cast 


aluminum rotor 


Choice of sleeve or 
fully sealed ball bearings 
Precision machined 


rigid steel shell 


Choice of rigid 


resilient or face mountings 


R &M Fractional Horsepower Motors are packed 
with Competitive Advantages for your product! 


RosBins & Myers “Model R” fractional HP motors, avail- 
able in NEMA frames 56 and 48, are engineered and 
manufactured to give your product every possible com- 
petitive advantage so far as power is concerned. Each 
design detail results in superior performance and long 
trouble-free life, even under the severest operating condi- 
tions. They are smaller due to a more efficient ventilating 
system and lighter because of new applications of aluminum, 
steel and copper. 

You have wider design versatility too, because they are 
available off-the-shelf in a broad choice of bearings, mount- 
ings, ratings, speeds and electrical characteristics. 

These up-to-date design features, coupled with careful 
quality control at each manufacturing step, give you a 
modern motor you can rely on for all your powering needs. 
Also, if your needs indicate a custom designed motor Rob- 
bins & Myers welcomes the opportunity to discuss your 
quantity requirements. 

Learn all about the many advantages R&M motors offer 
you by writing today for Bulletin 450 PRE 


*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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LINEAR 


in Viton A, Vyram, Polyurethane, 
and other unusual elastomeric 
materials having excellent re- 
sistance to many petroleum oils, 
synthetic lubricants, fuels, 


phosphate and silicate ester 


fluids—-in a temperature range 
of —40° to + 500°F. 


LINEAR—specialists in close- 


tolerance molding,in all of to- 
day's modern polymers... in 
both fabric reinforced and 


homogeneous materials. 


These are low friction seals. For 


further help, call the LINEAR 


engineer. 


PERFECT iW RUBBER 


LinEAR 


LINEAR inc, STATE ROAD & LEVICK ST, PHILA 35 


PA 








CATALOGS 





and BULLETINS 


To obtain copies of literature described below, circle corresponding 


number on postcard inside back cover. 


For those catalogs and bulletins 


available only when requested on company letterhead, see page 107. 


ALLOY STEEL 


500, 36 pp 


SCRE WS—Handbook 
Specification information for 
entire line, including manufacturing meth 
ods, dimensional views and basic data on 
screws and threads. Mac-it Parts Co, 
Fast Liberty St, Lancaster, Penna 


Circle 340 on Reader Service Card 


HEAT-TREATABLE 
LOY—Manual, 24 pp 


mechanical 


TITANIUM AL- 
Covers physical, 
design. Also 
forming and fabrication 
Titanium Metals Corp of 
233 Broadway, New York 7 


Circle 341 on Reader Service Card 


properties and 
information on 
characteristics 

America, 


CASTERS AND 
DP104, 40 pp 

duty classifications, 
capacities, 


WHEELS-—Catalog 
Indexed according to 
product series, load 
product illustrations and de 
Divided into sections for cas 
ters and wheels. Rapids-Standard Co Inc, 
342 Rapistan Bldg, Grand Rapids 2, Mich 

Circle 342 on Reader Service Card 


S¢ nptions 


CHAINS—Catalog 11, 136 pp, and price 
list, 77 pp. Specifications and character 
istics of standard and special chains, chain 
attachments, elevator buckets and sprocket 
wheels. Also covers fabrication facilities 
Moline Malleable Iron Co, St Charles 
Ill 

Circle 343 on Reader Service Card 


HELICAL GEAR SPEED REDUCERS 

Catalog 2751, 20 pp. Provides sele« 
tion information on 20 reducer sizes in 
double, triple and quadruple reductions 
Contains tables of load classes and serv 
ice factors and selection information on 
motor couplings and geared flexible coup 
lings. Link-Belt Co, Dept PR, 
tial Plaza, Chicago 1 


Circle 344 on Reader Service Card 


Pruden 


ACCELEROMETERS—Manual, 20 pp 
Covers application information, piezoelec 
tric materials, non-vibration environments 
mounting techniques, fixtures, use of 
piezoelectric accelerometers or shock meas 
calibration methods and tech 
useful formulae. Endevco Corp, 
California Rd, Pasadena, Calif. 


Circle 345 on Reader Service Card 


urements, 
niques, 


161 I 


SPECIFYING SOLENOID VALVES— 
Booklet, 8 pp. Includes solenoid valve 
terms and a description of various types 
of valve Discusses 


sealing mechanical 


electrical and environmental specificatio 
With drawings, 
charts. Valcor 


criteria schematics and 


Engineering Corp, 365 
Carnegie Ave, Kenilworth, NJ 


Circle 346 on Reader Service Card 


LUBRICATING AND ELECTRICAI 
DEVICES—Condensed catalog 59, 12 
pp. Listed with descriptions, capaciti¢ 
and sizes lrico Fuse Mfg Co, 2948 
N 5th St, Milwaukee 12 

Circle 347 on Reader Service Card 


HIGH-CARBON TOOL 
Contains 


STEEL—B« 
let, 12 pp information 
haracteristics, uses and machinability of 
high-carbon, high-chrome, air and oil 
hardening tool steel. Graphs 
text. Uddeholm Co of America, 155 I 
44th St, New York 17 


Circle 348 on Reader Service Card 


supplement 


ALL-PURPOSE 
letin 107, 12 pp 


PANEL METERS-—Bul 
Lists general spc 
stvles and sizes 


tions, sensitivities, 


dicating ind pyrometers 


Assembly Prod 


panel meters 
covers accessories 


Inc, Chesterland, Ohio 
Circle 349 on Reader Service Card 


POLYESTER RESIN 
bulletin, 12 pp; te 


Property 
hnical 
room-temperature curing syste1 
Of particular 
chemical or electrical 


interest where 


ment is due to elevated temper 
rrosion. Atlas Powder Co, Wilmingt 
) Del 
Circle 350 on Reader Service Card 


DIRECT-DRIVE BLOWERS—Bulletin 

DD-154 and DD-173, 4 pp each. D 

mensional and performance specificati 

on two series of direct-drive blow 

with center lock or standard double wh 

Torrington Mfg Co, 
Circle 351 on Reader Service Card 


Torrington, (¢ 


AIR SUPPLY ACCESSORIES 
Catalog 227 Describes and ill 


trates sockets, plugs, hose 


LINE 
, 16 pp 
clamps 
tings and tools. Lincoln Engineering C« 
4010 Goodfellow Blvd. St Louis 20 
Circle 352 on Reader Service Card 


INSTRUMENTATION RECORDER 
Brochure, § pp 


descriptions of recorder, 


Full specifieations and 
which offers fre 


(Continued on page 104) 
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CXTSWJ running time meters register 
from 1/10 second to 99,999 hours 


The new Cramer Type 632 running 
time meters, or time-totalizers, offer 
a simple, accurate means of record- 
ing elapsed time in many industrial 
or laboratory operations. They are 
applied to forecast the need for repair 
or servicing of equipment, to record 
total operating time or down time, 
and to supply time data for check- 
ing the operating performance of any 
circuit, machine, or electrically-pow- 
ered system. Direct current and 400- 
cycle alternating current units, avail- 
able in limited time ranges, fulfill 
the need for monitoring laboratory, 
military and experimental equipment 
where portability is often important. 


Operation 

A Cramer constant-speed motor 
drives a precision drum-type counter 
when power is applied to the motor 
circuit. From the instant the motor 
circuit is closed, elapsed time is 
recorded on the counter, in the total 
ranges and unit counts shown in the 
table below. The high-torque and 
instant start-stop characteristics of 
the motor assure reliable accuracy 
at all counter speeds. Control cir- 
cuits to the motor can be arranged 
to operate the counter during equip- 
ment running time, during idle time, 
or during any specified operational 


phase. 


Features 


TIME RANGES — 9,999.9 seconds to 
99,999 hours (see Table). 


motor RATINGS — 115 or 220v ac, 60, 
50, and 25 cycles. In limited time 
ranges, motors are available for 1 15v 
400-cycle ac, or for specified voltages 
between 6 and 32v dc. 

RESET — Optionally available, in all 
time ranges. 

piats — Chinese square (illustrated ), 
or standard round. 

MIL-SPEC UNITS — available in hermet- 
ically sealed construction, to meet 
applicable specifications of MIL-E- 
5272A. 


TYPE 632 


Also available with 


standard round dial 





TYPE 632 TIME RANGES 


COUNTS 


TOTAL 








1/10 sec. 
1 sec. 
100 min. 
10 min. 


min. 


hr. 


9999.9 sec. 
99999 sec. 
999.99 min. 
9999.9 min. 
99999 min. 
9999.9 hr. 

99999 hr. 











and for 1/100-second accuracy, the Type 691 precision stop clock 


In scientific research, and in many in- 
dustrial and military applications 
requiring extremely precise time total- 
izing, Cramer Type 691 performs the 
same basic function as Type 632 but 
with still greater accuracy and flexibil- 
ity. Total time ranges are either 60 min- 
utes or 60 seconds. The inner scale on 
the dial reads directly in minutes or 
seconds. The outer scale reads either 
seconds or .01 minute for the 60-min- 
ute units, or .01 second for the 60-sec- 
ond unit. Reset is electrical, in 1/10 


second, actuated either remotely or by 
a dial pushbutton. Motors, clutches and 
solenoids are available for all standard 
ac voltages and frequencies, and for 28 
volts dc. One or two load switches 
(SPDT) are optionally available, for 5 
amps at 115 and 230 volts ac or 2 amps 
at 28 volts dc. For load-switch oper- 
ation, cams are precision cut to exact 
user specifications. Military units are 
available in hermetically sealed cases, 
to meet vibration, shock and other 
requirements of MIL-E-5272A. 


Aiba, 
AN a\\\ 100 Min 
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TYPE 691 


CRAMER CONTROLS 


CORPORATION 


Box 7, Centerbrook, Connecticut 
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In the automotive industry alone, there are 30 Cold Bonderite installations. 


How Cold Bonderite System cuts costs 


Some actual user-experiences of savings in heat require- 
ments, maintenance, water and electricity, and equipment 
after installing Cold Bonderite System. 


Less than two years ago, the first public 
announcement of Parker’s Cold Bonde- 
rite System was made. 

Now, well over a hundred plants are 
using this revolutionary, money-saving 
system of phosphate-treating at low 
temperatures. 


Some are among the country’s largest 
plants, others are quite modest in size and 
production. Products treated range the 
list from automobile bodies to small appli- 
ance components. 

From these users we have compiled a 
long list of documented savings records. 
In many cases, cost reductions have been 
greater than we had hoped to achieve. 


Heat Saved 


The greatest percentage savings in heat 
requirements (90% ) has been reported by 
an automotive plant. Before installing 
Cold Bonderite System, the finishing line 
used 50,000 pounds of steam an hour. 
Cold Bonderite in the line uses only 5,000 
pounds per hour. 


In another auto plant, heat savings are 


figured at 74% on a body line. A small’ 





The temperature tells the story! Cold Bonderite 
System solutions operate 60° to 75° cooler. 


parts finishing line in the same plant 
shows the same percentage reduction in 
heat requirements. 

A manufacturer of metal cabinets re- 
duced gas consumption for heating his 
phosphating line from 33,000 to 14,000 
cu. ft. per day—a 56% reduction—by in- 
stalling the Cold Bonderite System. 

A famous maker of household equip- 
ment changed from conventional phos- 
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phating to Cold Bonderite System and 
saw his steam use plummet 66%. 


Another manufacturer, an Eastern 
small appliance maker, reports that on 
gas expense alone he has cut his phosphat- 
ing costs 45%. 


Other Savings Pile Up 


The magnitude of other savings, beyond 
heat consumption, has been surprising to 
users and very good news to their cost 
accounting departments. 

Electricity, for instance. At the greatly 
reduced temperatures of the solutions, 
there is no need to operate exhaust fans. 
In one installation, the change to Cold 
Bonderite eliminated the need for replac- 
ing a $15,000 exhaust system. 

Water use is reduced about 25% be- 
cause there is less evaporation. 

Maintenance costs nosedive with Cold 
Bonderite System in the finishing line. 
Lower temperatures in the heating coils 
mean less frequent—or no necessity for— 
cleaning the coils. When there is service to 
be performed, the maintenance crew can 
move right in without waiting for the 
installation to cool off. 


Comparative 48-hour salt spray test proves per- 
formance. Left, untreated panel; right, panel Cold 
Bonderite-treated before painting. 


One user figures that he has eliminated 
364 manhours of maintenance time yearly 
with his Cold Bonderite System. 


The same manufacturer has discovered, 
too, that the reduced temperatures have 


allowed him to eliminate a number of 


steam traps and steam coils costing over 
$8,000. 


Coating Quality Is High 

While Cold Bonderite System is saving 
money on the phosphating line in these 
many ways, there has been absolutely no 
diminution of quality in the coatings or 
their performance. 

The Bonderite coating produced by 
low-temperature Cold Bonderite System 
matches the high standards set by Bon- 
derite for thirty years. In salt spray, 
humidity and outdoor exposure tests, as 
well as in actual service on automobiles, 
appliances, furniture and many other 
products, performance has been proven. 

Results are uniform hour after hour and 
day after day. Control and operation of 
the system is simple and practically 
foolproof. 


Chemical Costs Held Low 


All the savings attained by the use of 
Cold Bonderite System are real savings. 
They show up on the P & L statement 
because chemical costs for this revolu- 
tionary development are not increased, 
The special Bonderites and Parco Cleaners 
are strictly comparable to conventional 
hot treatments in the cost of treatment 
per square foot. 


Only Parker Has Cold System 


There is, actually, no other system like it. 
Cold Bonderite System was developed by 
Parker research, tested and perfected by 
Parker chemists. It has been proven over 
and over again as the way to get superior 
phosphate coatings on steel with spec- 
tacular savings. 

The Parker representative in your terri- 
tory is ready to advise and work with you 
to change your phosphating installation 
over to Cold Bonderite System. Call him 
in or write direct to Parker, Detroit. 


*Bonderite, Bonderlube, Parco, 
Parco Lubrite — Reg. U.S. Pat. Off. 


PARKER RUST PROOF COMPANY 


2179 E. MILWAUKEE, DETROIT 11, MICHIGAN 


BONDERITE corrosion 
resistant paint base 


BONDERITE and BONDERLUBE 
aids in cold forming of metals 


PARCO COMPOUND 


rust resistant 


PARCO LUBRITE—wear 
resistant for friction surfaces 


TROPICAL —heavy duty 
maintenance paints since 1883 
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. every fastener need 





Where strength 
is a factor 


HOT FORMED NUTS 


... Induction heated 


Through induction heating and 
modern forming equipment, 
these Screw and Bolt nuts at- 
tain superior finish, wrenching 
qualities and tolerances. 

The instant heating process 
eliminates cold working strains 
prevalent in conventional cold 
made nuts, minimizing oxida- 
tion. Then modern equipment 
forms these nuts to geometric 
perfection and exceptionally 
close tolerances . . . for secure, 
snug-fitting connections. 

When rugged operating con- 
ditions exist, be sure . . . specify 
hot formed nuts by Screw and 
Bolt. Send for illustrated 
brochure. wma 


SCREW. AND BOLT CORPORATION 
OF AMERICA vse 30 | oma. 


Formerly 
Pittsburgh Screw and Bolt 
Corporation 


America’s Most Complete Line of Industrial Fasteners 
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Catalogs and Bulletins continued 


250 ke 
cording and to 20 kc in FM work, and 


quency response to in direct r 
accessories, optional equipment and de 
sign. Ampex Instrumentation Div, 934 
Charter St, Redwood City, Calif 


Circle 353 on Reader Service Card 


HOLDING VALVES—Data sheets, 5 pp 
Contain engineering and design informa 


tion about operation and functions of 


holding valves. Features schematic draw 
ing, typical circuit applications, flow 


characteristics, approved JIC symbols and 
Precision 
Sara 


pertinent dimensions 
Products Inc, 1312 N 
sota, Fla 


Saratoga 
Lime Ave, 


Circle 354 on Reader Service Card 


CONTROLLED BARREL FINISHING 
Booklet, 36 pp. Describes seven-point 


ystem for controlled barrel finishing and 


| of tumbling media, barrel fin 


ists line 
ishing compounds and equipment. Car 


borundum Co, Niagara Falls, NY 
Circle 355 on Reader Service Card 


ALUMINUM ALLOYS 


Lists in chart form typical physical prop 


Brochure, § pp 


erties, Comparative ratings of aluminum 


istings by various casting methods, typi 


il mechanical properties. Properties of 


some aluminum 
billet forms ar¢ 
& Smith In 

1, NY 


Circle 356 on Reader Service Card 


alloys in pig, ingot and 


Henning Bros 
11-127 Scott Ave, Brook 


disc uss¢ d 


SILICONE 


harts 


FLUIDS 


Compiles 


file, with 


information on me 


Design 


hanical properties of silicone fluids and 


includes material on viscosity-shear rela 


tionship of dimethyl oils at shear rate 


above 10,000 reciprocal sec. Six sheet 
ire devoted to effects of silicone fluids on 
lastomers. Union Carbide Corp, 30 | 
42nd St, New York 17 


Circle 357 on Reader Service Card 


SPECTRUM ANALYZERS 


log digest, 12 pp 


1959 Cata 
Describes line of auto 


matic spectrum analyzers with 0.5 cps 
++ kme range, response curve tracers and 
instrumentation systems. Panoramic Ra 
dio Products Inc, 514 S Fulton Ave 


Mount Vernon, NY 
Circle 358 on Reader Service Card 


ARC WELDING CONNECTIONS 
Catalog 12, 12 pp. ITllust-ates and de 
of arc we'ling cable con 
nections and accessories. With specifica 
and prices. Tweco Products In 
PO Box 666, Wichita, Kans. 

Circle 359 on Reader Service Card 


scribes line 


tions 


BLIND-TYPE FASTENER-—Bulletin, 8 
pp. Design and application of removable, 
blind-type fastener are 


reuseable panel 


(Contined on page 106) 
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CARTRIDGE 
HEATING UNITS 


ARE THE 


FASTEST 


ANSWER/ 


For fast heat-up, high-density heat, 
Hotwatrt Precision Cartridge Heating 
Units are tailor-made to solve your 
problem. Hotwartt’sunique production 
system offers a wide range of standard 
heating units... in diameters from 4” 
up... with lengths, wattage and voltage 
to meet your requirements 

Standard caru idge heaters have pre- 
cision-dimension stainless steel sheaths 
(special alloys available . Operate at 
up to 1250°F., any specified voltage 
nickel alloy leads swaged to rigid ex- 
ternal terminals . . . straight or right- 
angle leads. . . moisture-resistant units 
Special heating cartridges in special 
shapes with sheath materials as desig- 
nated 


watts 


Power dissipation as low as 5 
lerminal or, lead arrangements 
to specification, 

Low-cost ceramic-body units are also 
available to your design and specifica- 
tions ; sizes as small as 54” . lead ar- 
rangements and terminals to meet you 
requirements 


For fast delivery you can depend on 


Hotwatr. Whether you want standard 
or customized units . . . in short or long 
runs Hotrwatr will meet you 


“specs” and delivery schedule. 


NEW CARTRIDGE HEATER GUIDE helps 
you get heat in a hurry 





Bulletin 200 
request your 
FREE copy today 


HOTWATT, INC. 


75 Maple Street 
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HOBBING gears ig like 
SAWING WOOD. All 
gears are hobbed 


PX > 
4 & 


SHAVING gears is 
like PLANING. Some 
makers shave gears 


ONLY U.S. goes a step 
farther and HONES gears! 
That's like sanding for 
extra smoothness! 


Among the makers of electric gearmotors, 


only one — U.S. Motors —hones gears to 
assure extremely accurate profile and smooth- 
ness. This honing means quiet running and 
longer life. Gear hobbing, the necessary first 
step in cutting gear teeth, leaves a degree of 
roughness analogous to sawing wood. Many 
gear makers go no further. Some, however, 
shave the gear teeth before hardening. This 


leaves a surface analogous to planing wood. 


ow U.S. hones gears 
to superfinish 


~ for: 
SMOOTHNESS 
QUIET RUNNING 
LONGER LIFE 


another reason to specify: 


U.S. Syncrogear Motors 


The ultimate refinement in tooth profiling, 
however, is honing — which may be likened 
to sanding of wood. This takes place after 
gear teeth are hardened. Thus, it takes out 
any imperfections and minor heat-treat dis 
tortions. It is to assure precision and exclusive 
refinements such as this that U.S. makes 
its own gears. Another good reason to spe- 
cify: “U. S. Syncrocear Morors.” (% 


to 50 H.P.) 


U.S. ELECTRICAL MOTORS INC. 


P.o. BOX 2058 
LOS ANGELES 54, CALIFORNIA 
OR MILFORD. CONNECTICUT 


U.S. MAJOR MOTOR LINES INCLUDE: 


14H aft 
sed, 5. Syncrogear. Also 





2. Varidr 


e 3. Tota y-Enclosed, 


many other spe 


a! motors 


SEND For FREE 

SYNCROGEAR MOTOR 

BROCHURE No. F-1880, 
rplaining the 


Syncrogear principle 


Color tllustrated 
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Catalogs and Bulletins 


discussed. Explains installation. Stand- 
ard Pressed Stee] Co, Box 545, Jenkin- 
town, Penna 


Circle 360 on Reader Service Card 


SUBMINIATURE CONNECTORS 
Catalog sheet and blueprint. Includes 
specifications, dimensional drawings and 
descriptions of SMI-CSL series subminia 
ture precision connectors US Compo 
nents Inc, 454 E 148th St, New York 55 

Circle 361 on Reader Service Card 


BRONZE AND IRON BODY VALVE 
Circular V-6, 6 pp 


ind check valves with description and 


Covers gate glob« 
information on application, basic de 
sign features and standard sizes. Fair 
banks Co, 393 Lafayette St, New York 3 

Circle 362 on Reader Service Card 


PULLTOUNLOCK TOGGLI 
SWITCH—Data sheet 160, 2 pp. In 
cludes photos, dimensional drawing, chat 
acteristics, electrical rating and __ pric 
Micro Switch, Freeport, Ill 

Circle 363 on Reader Service Card 


STRAIN RELIEFS—Bulletin, + pp. Dx 
scribes features, applications and sizes of 
three types of strain reliefs 
Walker Co, Passaic, NJ 


Circle 364 on Reader Service Card 


Ceorg< 


continued 


ELECTRIC TACHOMETERS—Bulle 
tin, 4 pp. Specifications and dimensional 
information on line of electric tachome 
ters. Electro Mechano Co, 241 E Eric 
St, Milwaukee 

Circle 365 on Reader Service Card 


WIRING SYSTEM STANDARDS—Bu! 
letin, RCT-102, 4 pp. Wiring and wiring 
system standards for industrial use covet 
automation, conduit systems, troughs 
trays, ladders, bus ducts and other new 
products and wiring methods. Includes il 
lustrative table and recent bibliography 


Rome Cable Corp, Rome, N‘ 
Circle 366 on Reader Service Card 


MACHINE MOUNTS-—Catalog sheet, 2 
pp. Contains reproductions of product 
photos, design sketches and application 
tables Consolidated Kinetics Corp 
1065 Dublin Rd, Columbus 8, Ohio 
Circle 367 on Reader Service Card 


CONNECTORS-—Brochure Sec 2100, 4 
pp. Lists connectors by insert arrang 
ment and number of connector. Schwe 
ber Electronics, 60 Herricks Rd, Mineola, 
NY 

Circle 368 on Reader Service Card 


PULL-PUSH SWITCHES—Datza sheet, 
1 pp. Contains dimensional drawing and 


ARROW ( 


: A COMPLETE LINE OF COMBINATION 


ANOUNCIN 


specifications of two 13/16 in. dia pull 
push switches. Chicago Telephone Supply 
Corp, Elkhart, Ind. 

Circle 369 on Reader Service Card 


PRECISION 
sheet, 2 pp 


COUNTERS — Catalog 
Gives specifications, dimen 
sions and design information on bidire< 
tion precision degree and mil counters 
With dimensional drawings. Chicago Dy 
Precision Products 
725 Diversey Blvd, Chicago 14 

Circle 370 on Reader Service Card 


namic Industries Inc, 
Div, | 


AC TIMING MOTORS-—Bulletin AWH 
MO-807, 2 pp 


ible timing motors, supplied with built-in 


Describes line of revers 
gear trains offering speeds from 450 rpm 
to 4 rph Contains full specification 
wiring diagram and mounting dimension 


\ W Haydon Co, Waterbury. Conn 
Circle 371 on Reader Service Card 


PWO-STAGE HYDRAULIC POWER 
PACKAGE-—Bulletin V-1, 2 pp. Cover: 
dual-pressure hydraulic pump with de 
scription and illustration. Precision H 
draulics Div, Owatonna Tool Co, Owa 
tonna, Minn 


Circle 372 on Reader Service Card 


SHAFT POSITION ENCODERS—Bu! 
letin 319, 2 pp; bulletin 312-A, 4 pp 


Considers basic design, specifications and 


- STARTERS UP TO 100 HP, 440 VOLTS AC 


NEMA SIZES O, 1, 2 and new sizes 3 and 4 





characteristics of shaft position encoders 
2-pp bulletin specifically covers series 
C-100 and C-200 units. Datex Corp, 
1307 S Myrtle Ave, Monrovia, Calif. 
Circle 373 on Reader Service Card 


ABRASIVE FINISHING—Data sheet, 1 
pp. Covers abrasive finishing of aluminum 
and magnesium and their alloys, includ 
satin, matte, butler 
and bright. Lea Mfg Co, 16 Cherry Ave, 
Westbury 20, Conn 

Circle 374 on Reader Service Card 


ing such finishes as 


SUBMINIATURE INDICATOR 
LIGHT—Brochure L-162, 4 pp 


information on 


Presents 
neon and incandescent 
lamps, illustrations of assemblies, features 
ind specifications, and schematics, Dia 
light Corp, 60 Stewart Ave, Brooklyn 
37, NY 

Circle 375 on Reader Service Card 


THERMOSTATS AND THERMOREG- 
ULATORS-—Bulletin T-5, 2 pp. Describes 
line of mercury-in-glass fixed contact ther 
mostats, adjustable thermoregulators and 
magnetic relays. Includes prices. Preci- 
sion Thermometer & Instrument Co, 143 
Brandywine St, Philadelphia 30 


Circle 376 on Reader Service Card 


EXTRUDED SHAPES AND FABRI- 
CATED PARTS—Bulletin, 4 pp. Out 
lines advantages, uses and limitations of 


nvlon, Delrin and Penton in three col 


umns. Includes tabular comparison of 

properties, National Vulcanized Fibre Co, 

1059 Beech St, Wilmington 99, Del. 
Circle 377 on Reader Service Card 


DIGITAL CLOCKS—Bulletin 106, 2 pp 
Covers design, construction and specif 
cations of digital clocks in DC-100 se 
ries. Datex Corp, 1307 S Myrtle Ave, 
Monrovia, Calif. 

Circle 378 on Reader Service Card 


Letterheads Request Only 


Manufacturers who publish following 
literature asked that requests for copies be 
made on company letterheads. 


CORROSION RESISTANT FASTEN- 
ERS—Net catalog, 88 pp. Net 
prices are given for each size and type 
of fastener offered. H M Harper Co, 
Morton Grove, III. 


price 


THERMISTOR AND VARISTOR 
DATA—Booklet, 38 pp. Contains histori 
cal background, technical data, typical 
circuitry and curves. Normally priced at 
$1, booklet is offered free of charge to 
readers requesting it on letterhead. Vi 
tor Engineering Corp, 546 


Rd, Union, NJ 


Springfield 


RECTANGULAR 
BARS—Folder, § pp 


per foot, and alloy specifications for brass, 


AND SQUARI 


Lists sizes, pounds 


bronze and nickel-silver rectangular and 
square bars. ‘Titan Metal Mfg Co, Cerro 
de Pasco Corp, Bellefonte, Penna 


PYROCERAM ~Progress report 3, 8 pp 
Gives general description of this glass 
ceramic and specific data on two types 
mechanical, thermal 
effects of 
Also explains de 


Includes electrical, 


and chemical properties and 
high energy radiation 
sign considerations and applications. With 
comparative property chart and diagram 
matic explanation of Pyroceram manufac 
Works, 


turing method. Corning Glass 


Corning, NY 


DRAFTING MACHINE—Bulletin M70, 
4 pp. Describes design modifications of 
drafting machine. Glideline Corp, 300 S 
Potomac St, Waynesboro, Penna 


COUNT RATE 


3025-9, 4 pp 


METERS—Bulletin 
Outlines features of seven 
new models, comprising line of linear, log 
ind differential count rate meters. Vic 
toreen Instrument Co, 5806 Hough Ave 


Cleveland 3 


WEATHERPROOF 
ELECTRIC 
186, 4 pp 
mensions of motors in ratings from 1\ 

150 hy Alsi 
ire shown in 
thon Electri 


INTEGRAL HP 
MOTORS-—Brochure SB 
Includes ratings and di 
feature 
utaway illustration. Mara 
Mfg Corp, Wausau, Wis 


construction 


MOTOR CONTROLS 
New 


AS CONVENTIONAL BOXES 


Offering Weatherproof and Explosionproof en- 
closures of strong, cast aluminum, one-half the 
weight of old-style cast iron boxes. Choice of 
fused or unfused Disconnect Switch or Circuit 


Breakers. 


ENCLOSURES FOR EVERY USE: 


e General Purpose - NEMA TYPE 1 

@ Weatherproof — NEMA TYPE 4 

e Explosionproof - NEMA TYPES 7 and9 

e Industrial (oiltight and dust resistant) - NEMA 


TYPE 12 
AVAILABLE: 


@ Non-Reversing, Reversing and Two-Speed Types 


Types. 


NEW WEATHERPROOF and EXPLOSIONPROOF 
ENCLOSURES WEIGH ONE-HALF AS MUCH 


¢ In NEMA SIZES 0 through 4 


e Front operated by means of Fused or Unfused 
Disconnect or Circuit Breaker. Circuit Breakers 
are Instantaneous or Thermal Magnetic Trip 


e With or Without Control Circuit Transformers 


cased Coils 


“RIGHT ANGLE” DESIGN STARTERS: 
e Straight-Thru Front Wiring « Epoxy-Resin En- 


e Large, Long-Life Contacts « Easy Maintenance 
Proved Dependability 


Write today for engineering details on Arrow- 
Hart’s complete lines of Combination Starters 
to: The Arrow-Hart & Hegeman Electric Co., 


Dept. PE, 103 Hawthorn St., Hartford 6, Conn. 


ARROW-HART of HARTFORD 


MOTOR CONTROLS 
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* ENCLOSED SWITCHES « APPLIANCE 


Quality 


since 1890 


SWITCHES 


* WIRING DEVICES 
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POST VAPOVElL 


Here’s a sepia intermediate that handles 
Just like the best vellums 


As a result of The Frederick Post 
Company’s long and intensive re- 
search in intermediates and coating 
technology, there is now available a 
dramatically improved sepiatone 
vellum. Post Vapo-Vel (209) com- 
bines every important feature you’ve 
been looking for in a transparentized 
paper-base print—top drafting qual- 
ities, superior shelf-life and filing 
characteristics, and outstanding 
printback speed. An extra dividend: 
Vapo-Vel’s cost per print is surpris- 
ingly economical compared to other 
types of intermediates. 


To the man on the board, this 
newly improved Vapo-Vel is a real 
find. It has all the drawing and trans- 
parency features of a top-notch vel- 
lum, even that crisp vellum “feel.” 
Vapo-Vel’s easy-to-read dark brown 
image and outstanding transparency 
eliminate eyestrain in modification 
work on the back of reverse-reading 
prints. The surface takes pencil and 
ink without feathering. Pencil eras- 
ing characteristics of this strong 
100% rag premium paper are truly 
outstanding, while eradication of 
print images is easily accomplished. 


Write today for your copy of the POST Vapo-Vel Kit. It contains sample prints 
to examine and test, a Print Characteristics Checklist, a Data Sheet and a copy 
of POST’s popular booklet ‘‘11 Ways to Save Drafting Time.” To keep up-to- 
date with the latest, just write Frederick Post Company, 3664 North Avondale 


Avenue, Chicago 18, Illinois. 


FREDERICK POST COMPANY 


CHICAGO 90 © ENGLEWOOD,N.J. © PITTSBURGH @ DETROIT @ 
MILWAUKEE e HOUSTON e SAN FRANCISCO e LOS ANGELES 


Dealers in Principal Cities 


THESE SHORT CUTS WILL SAVE YOU TIME 


From this .. . to this WITH NO ERASURES! 

When a large element in your original 

drawing requires modifications, simply cut 

it out of the first Vapo-Vel print. Draw in 

the changes on a second Vapo-Vel print 
. and you have o new master. 














Make quick corrections over scattered 
areas. When small patches of your orig- 
inal drawing need alterations, moke oa 
Vapo-Vel intermediate. Then eliminate the 
unwanted lines with Post Eradicator Fluid 
ond redraw. 














You check it! Whatever your 
special interest, test 209 Vapo- 
Vel ammonia process prints for 
factors most important in your 
own operations. Whatever your 
prime requirements may be, 
Post welcomes a comparative 
evaluation of diazo-type sepia 
papers for each and every one 
of these prime characteristics: 


PASSES EVERY TEST! 


Image Density—Visval 
Drafting Qualities 
Line Contrast 
Readability thru Back 
Eradication 

Filing Characteristics 


image Density—Actinic 
Opacity (Printback) 


Quality of Reprint 
Image Bleed on Aging 
Background Stability 
Shelf-Life 











Add variable data with \:ansparent motte 
tape. It is often economical to maintain 
standard drawings without dimensions and 
other variables, adding this information 
on transporent matte tape, as needed to 
specific orders. A subsequent Vapo-Vel 
print then supplies the completed drawing 











GET 
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GARLOCK MECHANICAL SEALS 


Easy to install—Garlock’s PK MECHANIPAK* is self-contained 
no parts to “put together.”’ Rotating portion simply slides onto 
shaft; stationary portion positions quickly into counterbore of 
gland. 

Easy to maintain—Once Garlock’s PK MECHANIPAK is installed, 
further adjustment is unnecessary. No parts of the seal move on 
the shaft or sleeve, eliminating wear on shaft .. . spring in seal 
maintains contact between sealing faces. 

Easily cuts costs—Garlock’s PK MECHANIPAK is designed to re- 
duce maintenance and downtime, thus offers many dollar-saving 
benefits. 

Available in shaft sizes from *,” to 3” . .. will operate at temperatures 
to 212°F, pressures to 150 psi, shaft speeds to 2000 fpm. PK MECHANIPAK 
Seals are another important part of the Garlock 2,000 . . . two thousand 
different styles of packings, gaskets, and seals for every need. Find out 
more from your local Garlock representative, or write for Catalog AD-150. 

*Registered Trademark 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 


For Prompt Service, contact one of our 26 sales offices 
and warehouses throughout the U.S. and Canada. 


ARLOC HK 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Molded and Extruded Rubber, Plastic Products 


SEALING 





Current 
Reprints 


Selected articles in recent issues have 
been reprinted in convenient form for 
filing. As long as the supply lasts, readers 
in US and Canada can secure one copy 
of any of these reprints without charge, 
by using one of the Reader Service Cards 
bound inside the back cover. Note that 
the card must be used within 60 days of 
publication date. If more than one copy 
is needed, see price list. 


18 Ways to Control Gear Backlash 


This roundup includes latest devices 
for answering a chronic problem. Oct 26 
Circle P 18 


Pressure Drops in Pneumatic Systems 


New method predicts losses when com 


penents are in series. Oct 26 Circle P 17 


Yardsticks for Research Success 
Equations and procedures used to gag 

the future of a product. Oct 19 
Circle P 16 


8 Steps to Better Engineering Writing 


This eight-page report appeared in 
erial form from Sept 7 to Oct 26 
Circle P 15 


3 Steps to a Battery-powered Motor 


Electric auto is example—how to choos 
the best motor for the load. Oct 12 
Circle P 14 


Closer Look at Cast Iron 


For predicting service performanc: 
k at the microstructures. Oct 12 


Circle P 13 
Planetary Drive Run by Rollers 


Replacing gears cuts noise and vibration 
n fast planetary system. Oct 12 
Circle P 12 


Molding with Polyester Premixes 


\ different design approach is necessary 
vith these reinforced plastics. Oct 12 
Circle P 11 


Ballbearing Tests 


Combined reprint: test methods for 
torque, vibration and runout. Sept. 14; 
devices to check preload and play. Sept. 2 

Circle P 10 


Specifying Anodized Aluminum Finishes 


Practical guide to ways that will give 


th spc ific coating needed Sept 28 
Circle P 9 


13 Ways to Cut Drafting Costs 


List of helpful modern methods, mate 
rials and equipment that save money. Sept 
28 Circle P 8 


Canadian Division: The Garlock Packing Co. of Canada Ltd., Plastics Division: United States Gasket Company (Continued on page 114) 
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Based on performance, Morse Eberhardt-Denver Speed Reducers give you: 


MORE CAPACITY FOR YOUR MONEY 





COMPARE poweRgear WITH 
“STANDARD” RATING 


Fan-cooled poweRgear, 5 center 


HORSEPOWER 








“700 400 «600 800 1000 1200 1400 1600 1900 2000 
INPUT —— RPM 





These curves compare a 5 inch center distance poweRgear 
with a 5 inch center conventional non-fan cooled heavy 
duty unit. Because of its fan-cooled design and extra-heavy 
construction, a Morse E-D poweRgear Speed Reducer easily 
exceeds “standard” ratings . .. delivers more horsepower 
per dollar! 


[h- 
tA 
oS 


pi 


Fan and fin cooling, extra-heavy-duty construction 
let poweRgear® do more work in a given size; 
you save space and weight, often trim initial costs 


You get more than “rule-of-thumb” ratings call for, when you 
specify stock Morse Eberhardt-Denver poweRgear Speed Reducers 
You pick and pay for the capacity you need . . . get it, as set 
realistically by exhaustive laboratory tests and critical on-the-job 
ratings. 


Fan-and-fin cooling holds operating temperature down, sends 
rated life up on a poweRgear reducer. Its universal design permits 
mounting in bottom, top or vertical positions and includes extra 
heavy housing, shafts and bearings. Result: you can specify a 
smaller, lighter, more compact unit to do your job. . . get more 
capacity for every reducer dollar. 


There’s a Morse E-D poweRgear reducer for every job: fractional 
to 40 H.P.; ratios from 5:1 to 3600:1; center distances from 2’ 
to 7”. Other Morse E-D speed reducers: conveyor drives; miter 
boxes; helical reducers; gear motors; worm and gear sets. 

FOR MORE FACTS, call your Morse distributor today (see the 
Yellow Pages under “Power Transmission.’’) Or write: Morse 
Chain Company, Dept. 4-109 Ithaca, N. Y. Export Sales: Borg 
Warner Intl., Chicago 3, Ill. In Canada: Morse Chain of Canada, 
Ltd., Simcoe, Ont. 


. A BORG- 
MORSE fi 


INDUSTRY 





‘Trademark 


ONLY MORSE OFFERS ALL 4: Chain and “Timing” Belt Drives; Speed Reducers, Couplings, Clutches 
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News about COATINGS FOR METALS 


from Metal & Thermit Corporation 





Textured vinyl finishes now 





produced with sprayed coatings 





To get a textured vinyl] finish, designers are 
no longer restricted to laminated types. Two 
recent M&T developments in sprayed viny] 
coatings make such appealing finishes espe- 
cially easy to adopt. Actually, they widen 
the variety of patterns practical for metal 
panels, cases, housings and other parts. 


TWO WAYS TO FINISH 
Texture is produced chemically with Uni- 
chrome Coating 6400. Sprayed on smooth 
metal sheets and shapes, this coating gives 


a handsomely textured finish with warmth 


and leather-like appearance. 

Unichrome Coating 6440 was developed 
for use on mill-patterned steel or aluminum, 
now becoming available in an increasing 
number of extremely attractive patterns. 
This coating does not alter the profile of 
the pattern. Whether applied thick or thin, 
it will faithfully mirror even the most deli- 
cate design rolled into the metal. 


EXCEPTIONAL DURABILITY 


Both of these sprayed vinyl coatings prove 
up to ten times more wear resistant than 


Unichrome Coating 6440, whether sprayed thick or thin, pro- 
duces an exact replica of the metal pattern beneath it; also 
contributes warmth, color, and unusual protection. 
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Unichrome Coating 6400 sprayed on smooth metal develops 
@ texture with the appearance of luxurious grained leather 


the usual baked textured enamel. In a recent 
evaluation for food shelves, M&T’s Coating 
6400 withstood a half million “rubs” from 
canned goods and still looked new; the shelf 
with baked enamel showed wear after only 
30,000 abrading strokes from the can. 

The inherent chemical resistance in these 
vinyl coatings also protects against stains 
and corrosion. Their insulating qualities 
mean warmth to the touch, and also aid 
in sound-deadening. 


As for production benefits, the sprayed 
finish eliminates the expensive scrap loss 
incurred with laminates; it also eliminates 
seam problems at joints. 

For more details, write METAL & THERMIT 
CORPORATION, Rahway, N. J. 


coatings 
and finishes 


METAL & THERMIT CORPORATION 
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“Why slow up the job with special gears?” 


when you can select what you need 
from over 2000 standardized 


BOSTON GEARS 


SPUR GEARS — STEEL, IRON, BRASS NON-METALLIC SPUR GEARS RACK + PINION WIRE 
1442° and 20° P.A. .208” to 40” P.D. 1442° and 20° P.A. .938” to 6.667” P.D. Steel and Brass 144° and 20° P.A. 
PINIONS + INTERNAL GEARS 


BEVEL and MITER GEARS STEEL SPIRAL MITERS 1” to 5” P.D. WORM GEARS Bronze and Iron 
Steel, Iron, and Brass 20° P.A. HELICAL GEARS 417” to 18” P.D. WORMS .333” to 4” P.D. 
312” to 14” P.D. Steel and Bronze .333” to 6” P.D. Soft Steel and hardened and ground steel 


; Take a good look through the BOSTON Gear 

9496 catalog. You'll find standardized types and sizes to fit most 

of today’s transmission needs. Why pay more (and wait) 

STANDARDIZED for gears made to order? Design around BOSTON Gear. 

TRANERESHION It saves time and money in planning, in purchasing, in 

PRODUCTS production .. . and you simplify servicing problems. 

Stock Gears , Boston Gear Works, 71 Hayward Street, Quincy, Mass 
Sprockets and Chain , 


Speed Reducers . ‘ idvt. copyright by Boston Gear Work 


Bearings + Couplings CALL YOUR 


=<" Gs Bosto 
Pulleys b 
DISTRIBUTOR gy 
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Current Reprints continued 


Fixed Resistors 


rhree-step method chooses type and 


72 


rating for power and control. Sept 
Circle P 7 
More Engineering per Engineer 


Review of new techniques designed te 
reduce the noncreative load on engineers 
Sept 21 Circle P 6 


Equipment Says it in Color 
] I yw cve 


information from 
Sept 14 


itching color code onvey 
machine to operator 

Circle P 5 
New Data for High-Pressure Air 


Properties of air under pressure. Curve 
useful from 0 to 1 2( psi and 150 te 
250 F. Sept 14 Circle P 4 


Latest in Slip Clutches 


PROBLEMS 


eS 
Gusher 
Help You 


Describes two new designs, one of them 


Aug 31] Circle P 3 


a dual-spring type 


What Is Creativity? 


Latest methods for measuring, control 
creativity in R&D 


Circle P 2 


ling and stimulating 
\ug 24 
Porcelainized Cast Aluminum 


How low-temperature fits may be ap 


plied to permanent-mold castings an 
sheet aluminum. Aug 17 Circle P ] 
Liquid Spring Saves Space 

What it can do and how to use it 
Aug 17 Circle E 100 


Fiberglass Sleeve Springs 


Their high energy absorbent character 
istics are shown by charts and equations 
Aug 17 Circle E 99 


QUANTITY PRICES 


For single shipments of any one title to 
one address on order accompanied by re 
mittance, quantity orders will be supplied 
at the following prices as long as the sup 
ply lasts 

Quantity Price per Cop 

5 $0 25 

0.2 

0.1 
l( Write for quotation 

; Make checks PRODUCT 
Write Today ENGINEERING, 230 West 42nd St 


for information : New York 36, N. ¥ 


payable to 





Ruthman 


a 
i 


UNITED }) Way 
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SPRINGS 
ON YOUR 





¢ Your next thought should 

| be of the Spring Engineers at 
| John Chatillon & Sons. Send 
them your blueprints and spe- 


| cifications for study and 
recommendation. 


e With more than 120 
years of experience and knowl- 
edge at their command, they 
can provide you with the exact 
spring you require —on time, 
at competitive prices. 





e Chatillon has the trust of 
| the largest users of springs in 
| the world because of the 

Chatillon reputation for filling 
| orders that others would con- 
sider impossible. 


e Next time, benefit by the 
thorough knowledge of 
| Chatillon Spring Engineers. 
They'll be glad to help you. 
Send your blueprints to: 
Department D-2. 
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So we went... 


Aboard Skipjack 


New Lonpon, Conn—Performance 
capabilities and some heretofore classi 
fied design details of the Navy's new- 
est nuclear submarine were revealed 
during a 12-hr cruise—first public 
demonstration of Skipjack’s potential 
\ series of steep dives and climbs, 


Sharp turns, and high-speed runs The cost of ALLEN Hex-Socket Cap 
proved the Navy’s claim that Skipjack Screws is only a minor fraction of 
is uncontestably faster, more maneu your assembly costs... be sure you're 
getting the timesaving, cost-saving 
advantages of genuine Allens! 


verable and capable of deeper opera 
tion than any known sub in servicc 
I'xact figures are still classified; Naw 
states laconically: “speeds in excess of 
20 knots, depth in excess of 400 ft.” 


But more important, Skipjack is a Ever since Allen first produced the 
proving ground for many radical de hex socket head screw nearly fifty 
sign innovations, and prototype for years ago, specifying genuine Allens 
1 group of eighteen similar subs (made by Allen of Hartford) has been 
a sure way to guarantee dependable 

FLOWN, NOT STEERED threaded fastening. 

Only genuine Allens have Leader 
Points that make starting easier, and 
greatly minimize danger of cross 
literally “flown” through the water threading. Genuine Allens are “‘pressur- 
like an airplane. Control surfaces are formd’’ to preserve the long fibers 
operated by a hydraulic system linked uncut throughout the length of the 
to the steering voke. There are two screw, giving stronger sockets for 
yokes side by side set in front of a greater tightening torque. 

Write for samples and engineering 
data. See how genuine Allens will make 
your product better. 


Because of unique aircraft-stvl 
yoke-and-colunin controls, the sub is 


large instrument panel, and rigged so 
that at normal cruising speeds, one 
voke controls the rudder while the 
other controls stern diving planes 
Chis is simply a matter of conveni 
ence; either control station can be 
made to handle any or all of the con 
trol surfaces. 


HEE SOCEST SCOEWS 


Instruments are grouped in a 
fashion following aircraft practice 


with a duplicate set in front of each Allen’s new 1960 Series Socket Head Cap 


control station. These show rudder Screws give up to 24 times more load 
and diving angle, depth, speed, and carrying capacity, without indentation. 
direction. Depth and course are not Head diameter of sizes 
from %” up is now uni- 
formly i% times the body 
diameter— providing more 

\s might be expected, response to under-the-head bearing 
controls is somewhat reminiscent of surface, and a proportion- 
that ft B £ ae ie ate increase in clamping 
et ee —— force. Write for new Bul- 
draulic boost, steering action is posi letin G-25, with full 


tive and effortless; there is almost zero specifications, 


read directly, but from indicators that 
show deviation from preset levels 


backlash. And rudder angle indicator 
shows that rudder moves almost in- 
stantaneously to the angle called for 
by the wheel. But the ship moves a 


Stocked and sold by leading Industrial 
Distributors everywhere 


A 


SIAAAAAAAAA AAA AAA 


-_ 


trifle sluggishly and overshoots slightly 
after controls are neutralized. 
Behind the control stations is a 
large central control panel—another 
Skipjack innovation. Here are con 


(Continued on page 117) 
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Save money, time, materials! Substitute these eco- 
nomical spacer tubes for costly parts machined from 
pipe or tube. Made of steel, aluminum or stainless to 
your exact dimensions. Furnished plain or plated. 





Solid bronze, or steel with bronze on one or 
both faces. Cold-rolled for extra hardness. 
Flat, spherical or special shapes. Grooves, 
holes, nibs, lugs, scallops. 


Tin- or lead-base bapbitt, copper 
alloys, aluminum alloy. These alloys, 
applied to steel backs, meet 95% of 
today’s engine bearing requirements. 


” Plain: Solid bronze, steel or aluminum. 

Bimetal: Steel lined with bronze, bab- 
bitt, copper or aluminum alloy. With 
oil holes, grooves, slots, notches as re- 
quired in your application. Straight, 
lock or special seams. 


Consult our Engineering Department for 
design information, or send for literature. 


Ss 2 
‘NCE 48? 


FEDERAL-MOGUL-BOWER BEARINGS, INC., 11043 SHOEMAKER, DETROIT 13, MICHIGAN 


116 CIRCLE 116 ON READER SERVICE CARD PRODUCT ENGINEERING - OCTOBER 26, 1959 





So we went continued 


trols for ballast tanks, watertight 
hatches, retracting radio masts and 
Valves on_ ballast 
tanks are controlled electrically from 


radar antennas. 


this panel replacing manually tended 
valves on conventional subs 

Only the superstructure—called the 
“sail”’—and three sets of control su 
faces (rudder, stern diving planes, sail 
planes) mar the sub’s smooth un 
broken whale-shaped — surface All 
other protuberances—periscope, anten 
nas, anchor— retract into the hull and 
are faired over by sliding aperture 
plates. It is these clean lines and the 
tremendous power of the compact 
nuclear powerplant that account for 
its speed. 

Maneuverability is a result of these 


aircraft-type controls, and a configura- 


tion studied and proved on the con- 
ventionally powered Albacore. Like a 
fish, tail planes do most of the work; 
when cruising, stern diving planes and 
rudder control ship’s pitch and yaw 
Large sail planes, replacing conven 
tional bow planes, are brought into 
play when speed drops below 10 
knots. At higher speeds they are not 
very effective, create too much drag 
As the ship turns underwater, roll 
moments are applied automatically by 
water pressure acting on the sail 


HYDRAULICS REPLACE MUSCLE 


In spite of its small size in com 
parison to other atomic subs (252 ft 
long, 32 ft beam) the ship is surpris 
ingly roomy. The torpedo room, in 
fact, is larger and can store more 
torpedoes than any other sub in serv 
ice. Six tubes are banked in two hori- 
zontal rows instead of two vertical 


(Continued on page 118) 
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Design 
Uniform lift 
into equipment 
with 
DUFF-NORTON 
WORM GEAR 
JACKS 


Many designers find a ready answer 
to precise control of linear motion in 
machinery or equipment with built- 
in Duff-Norton Worm Gear Jacks. 





They are used singly, in tandem 
and in multiple jacking arrangements 
to position loads weighing from a few 
hundred pounds to as much as sev- 
eral hundred tons. 

When connected in tandem or 
groups of four, six or more, these 
jacks always raise or lower in exact 
unison regardless of load distribu- 
tion. They are also used for applica- 
tion of pressure, to push or pull and 
as linear actuators. 

Duff-Norton Worm Gear Jacks are 
self-locking and will hold heavy loads 
in position indefinitely without any 
creep. Since there is no fluid or air 
to leak, the action is always positive 


and maintenance is no problem. 

These jacks are available in eight 
standard models with capacities 
ranging from 2 to 100 tons and with 
standard raises from 6 to 24 inches. 
Special raises can also be furnished. 

To learn more about how Duff- 
Norton Worm Gear Jacks may be 
used in your equipment, send for the 
bulletin which shows engineering 
drawings of jacks, Duff-Norton 
Mitre Gear Boxes and typical appli- 
cations. Ask for AD-66DD 


DUFF-NORTON COMPANY 


P.O. Box 1889 « Pittsburgh 30, Pennsyivania 
COFFING HOIST DIVISION *« Danville, Illinols 


i. 


Ratchet + Screw 
Hydraulic « Worm Gear 


a ™ al 
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Ratchet Lever « Air 
Hand Chain « Electric 
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So we went continued 


rows—the normal pattern. Berthed in 
racks, torpedoes are placed in loading 
position by a hydraulic elevator and 
fed into the tubes by a hydraulic ram 
that moves on an overhead rail—a 
departure from the block-and-tackle 
methods common on all but the most 
recent underwater craft. 

They are shot from the tubes by a 
slug of high-pressure water instead of 
the traditional compressed air charge 
which leaves telltale stream of bubbles. 
here is no after torpedo room: de 
signers feel that Skipjack is sufficiently 
fast and maneuverable to turn around 
when there is an opportunity for a 
rear shot. 

lhe ship’s periscope has a specially 
designed seal that resists excessive 
teakage at extreme depths (all peri 
scopes leak slightly to keep packing 

wet). To offset friction of this extra 

Townsend Lockbolts tight seal, rotation is aided by a power 

assist controlled by a ring switch on 

* . . the handlebar. In cold and misty 

now available inl Stainless weather, periscope can be defogged 

by a heater and jet of high-pressure 
ir washing over the objective lens 


Steel for greater strength aioe 


Reactor is a pressurized-water type 


- - similar to that on the Nautilus and 
...COMOSION resistance Skatoclass subs. Skipjack’s reactor, 
however, is an advanced type, desig 


nated SSW It is the first nuclear 


reactor in mass production and 1S pro- 


If you need extra strength in fastening your assembly — 
plus corrosion resistance—you can get both now with 
Townsend 18-8 stainless steel lockbolts. 

The use of Townsend stainless lockbolts gives you 
greater flexibility of design and the values are highly all following vessels. Hot water from 
uniform. There is no chance for human error in setting the reactor core circulates through the 
lockbolts. Men with no special training get strong, vibra- primary loop and heat exchanger 
tion-proof joints every time. where it generates steam in the sec 

Townsend stainless lockbolts are vastly easier to insta! 

for example, they eliminate the back breaking work of 
bucking stainless rivets which work-harden rapidly. 

Townsend lockbolts are also available in carbon steel 
and aluminum alloy in a wide range of : 
diameters and grip lengths in brazier, shielded and cannot be entered when 
button and 90° countersunk head styles. the ship is in operation. Shielding is 
Write today for information to Engi- so efficient that crew members who 
neered Fasteners Division, P.O. Box have been with the sub since it be 
71-D, Ellwood City, Pennsylvania. 


totype for reactors to be installed in 


ondary loop. Steam is piped to fow 
turbines—two for propulsion, two for 
shipboard powe! 

(he reactor compartment is full 


came operational (and some of whom 
Licensed under Huck patents RE 22,792 ; 2,114,493; slec P W ithin 10 ft ot the reactor cor¢ 
2,527,307 ; 2,531,048 ; 2,531,049 and 2,754,703 have vet to receive a total dosage of 


radiation equal to the National Bu 


Townsend Company reau of Standards allowable total. for 
a , — one week (300 milliroentgens). 
0 RSTABUSHED 1816 
7 ° 2* @ 
Engineered Fasteners Division inne 


SF te eke ONE eth swe subs, Skipjack is more at home under 
the water than on top. As soon as it 
reaches water of sufficient depth, it 


UNDERWATER HOME 


conventionally powered 


ELLWOOD CITY - PENNSYLVANIA 





(Continued on page 120 
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x Bearing Temperatures >K Milling Accuracy Improved 
Reduced 10° to 20° F. — Rejects Reduced 


A leading automotive 


equipment manufacturer 
uses Norgren MICRO 
FOG to replace grease 
packed lubrication meth 
od which caused machine 
to run so hot after one 
hour that the guide rods 
expanded, resulting in 
machining inaccuracies 
Now with Norgren 
MICRO-FOG Lubrication 
¢ Heat problem has been eliminated—after 8 hours of 


At Charlotte Pipe & Foundry, Charlotte, No. Caro- 
lina, four machines for centrifugally casting soil 
pipe were converted to Norgren Micro-Fog Lubrica- 
tion. Results: © Saves 216 gallons of oil a week. 
@ Ended flash fires resulting from oil leakage. 
© Eliminated % hp pumps on oil circulating system. 


continuous operation, the machine runs at a temperature 
only slightly above ambient. © Milling accuracy has 
been greatly improved. © The number of rejects has 
been substantially reduced 


If iti Norgren... $i Dependable, 


let the MAGIC of Norgren MICRO-FOG 
help you—call your nearby Norgren 
Representative listed in your telephone 
directory — or 

WRITE FOR DESCRIPTIVE LITERATURE 


3434 SOUTH ELATI STREET + ENGLEWOOD, COLORADO 
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Greatly Increased 
Oil Capacity... 


for long range 
peak efficiency 


Mode! “H” 2-Pole Shaded-Pole motor 
1/550 H.P. to 1/50 H.P. designed and 
constructed with features that assure 
thousands of extra hours of service un- 
der the most adverse operating condi- 
tions. Rugged, quiet, smooth running. 
Available in nine models that cover a 
wide range of applications. 


OIL CAPACITY MANY 
TIMES GREATER THAN 
Cpe CONVENTIONAL MOTORS 


Oversized oil bearing 
reservoirs hold considerably more oil 
and wicking. A revolutionary new method 
of packing the wicking assures equal 
distribution of oil at all times resulting 
in quieter operation and longer trouble- 
free life 


DIE-CAST BEARING BRACKET 
The new “H” Motor design includes a rug- 
ged die-cast bearing 
bracket that insures 
permanent precision 
alignment and adds to 
the over-all durability. 


Motors For All Types of Applications 


Write today for catalog 
sheet and quantity-price 
quotations. 


THE GENERAL INDUSTRIES co. 


DEPARTMENT GK ¢« ELYRIA, OHIO 


So we went continued 


dives where it is faster, more maneu- 
verable, less easily detected. This does 
not mean it is a lumbering whale on 
the surface; it is not, and has never 
needed help in coming into port nor 
in docking. 

Crash-dive capability is unimpor- 
tant; sub lives underwater and never 
expects to get caught unexpectedly on 
the surface. Taking advantage of this 
feature, vents for ballast tanks have 
been made purposely small to reduce 
drag. 

The critical limitation on the length 
of time it can stay submerged is food. 
Oxygen can be valved into the hull 
from high-pressure flasks, or extracted 
electrolytically from seawater. Waste 
is ejected and dropped to the ocean 
floor; carbon monoxide and aerosols 
(cigarette smoke, harmful vapors) are 
removed from the air and ejected. 
Temperature and humidity are kept 
at a comfortable level by a 240-ton 
air conditioning unit—ten times larger 
than air conditioners on the averag« 
conventionally powered submarine 


MISSILE GUIDER 


Although installation of SINS 
(Ships Inertial Navigation System) is 
scheduled for Skipjack, the unit has 
not yet been installed. SINS is in 
tended for Polaris-carrying subs (PE— 
eb. 23, p 21) where precise navi- 
gation is important for missile 
launching. Instead, the ship has guid 
ance equipment for the Regulus mis- 
sile. While it is incapable of launch 
ing this missile, it is thought that the 
Skipjack will be able to operate closer 
to the target than the launching ship 
and guide the missile the final dis- 
tance to the target. 

Skipjack’s primary mission is anti- 
submarine warfare. It is the first of 
a group of 18 ASW subs that will be 
built to this design. Commissioned 
April 15, it is the sixth and the most 
recent sub to join the Navy’s atomic 
fleet. The other five are: Nautilus and 
Seawolf, pioneers that proved the 
soundness of nuclear design, and three 
Skate-class submarines (Skate, Sword- 
fish, Sargo) which are smaller than 
the first two but slightly larger than 
the Skipjack-class. Soon to join these 
are the George Washington, first 
Polaris-carrying sub, and the Theodore 
Roosevelt, a Polaris-carrving sub fe- 
cently launched at the Mare Island 
Naval Shipvard C. J. Lynch 
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Long life 


JEWEL BEARINGS 
MEAN BETTER 
INSTRUMENT 
PERFORMANCE 


In today’s miniaturized instru- 
mentation Bird Sapphire and Glass 
Jewel Bearings show their unique 
properties to best advantage .. . 
dry operation through temperature 
extremes .. . resistance to corrosion 
fumes and liquids . . . adaptability 
to special mounting arrangements. 


Bird Complete / 
Jewel 
e 
Assemblies 
. Save time and 
money, cut rejects, 
keep production 
flowing smoothly. 
Special mounting 
techniques provide 
assemblies in 
screws or bushings 
of any style. 


Bird Cushion Jewel Assemblies 


. . . add shock pro- 
tection to any in- 





strument for only 
pennies. Variable 
cushioning of sili- 
cone rubber con- 
trols movement, 
eliminates waste 
due to poor bear- 
ing adjustment in 
mounting. 








Compared with other types of bear- 
ings Bird Jewels are substantially 
more econom‘<cal and their long life 
expectancy ei.minates maintenance 
problems. 

NEW CATALOG AVAILABLE 


° . a complete description of properties 
and uses of jewel bearings for aircraft, 
electrical and timing instruments, record- 
ers and indicators. Write for your copy. 


Serving Industry With Fine Jewels Since 1913 
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Get these 3 


advantages 


with V-belts reinforced with 


DACRON 


POLYESTER FIBER 


1. EXTRA-LONG SERVICE LIFE. V-belts made with “Dacron”’ 
kept this car shakeout on the job three full years without a 
belt change—52 times longer than with previously used con- 
ventional belts! Evidence of the remarkable ability of these 
belts to withstand shock loads and constant flexing. 


3. 5 BELTS DO THE WORK OF 7. The extra strength of V- 


belts reinforced with “‘Dacron”’ allows the use of fewer belts 
and sheaves... permits up to 40°; more horsepower per drive 
unit, without an increase in the number or size of sheaves, 


REG. u. 5. Par. OFF 


BETTER THINGS FOR BETTER LIVING THROUGH CHEMISTRY 
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reinforced 
They 
positive 


2. REDUCE EXPENSIVE INVENTORIES. V-belts 
with “Dacron’’ have outstanding dimensional stability 
won't shrink or stretch in storage 
matching for fast installation . ,. . eliminate costly downtime 


assure quick, 


for adjustments, 

Savings of as much as 10°] per drive unit are pos- 
sible when you use V-belts reinforced with Du Pont 
*“‘Dacron’’* polyester fiber. The strength, stability 
and extra life of these belts combine to bring down 
drive costs .. . through less downtime and smaller 
inventories . . . fewer belts and sheaves ,. . lower 


maintenance and fewer replacements. 


For the next drive you design or install, be sure 
you specify V-belts reinforced with Du Pont 
‘Dacron’. Du Pont makes the “Dacron”’ fiber 
used by belt manufacturers in producing their fin- 
est-quality V-belts. 

SEND FOR FREE BOOKLET: “Du Pont ‘Dacron’ Sets 
New Standards for V-Belt Performance’’. For 
your copy, fill out and mail coupon below. 


irk for its polyester fiber. 


E. I. du Pont de Nemours & Co. (Inc 


Textile Fibers Department 
5518-(C) Nemours Bldg 
Wilmington 98, Delaware 


Name 
Firm 
Address 


City State 
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RUNNING 
AHEAD ! 


. . . when you use Crofts 
“Free-space” Type Hydraulic 
Couplings and Drives 


You get smooth running, and that 

longer life, 

when you use Crofts Free-space Type Hydraulic Couplings 
and Drives. 


means machinery 


and you also get these bonus advantages: 

e Light starting load 

¢ Smooth starting; swift acceleration to 
full power 
Cushioned Drive with full stall protec- 
tion Full range of sizes available up to 350 h.p. 
Protection of motor and driven ma- as couplings or V-belt drives. “Dual” types 
chine from shocks or overload up to 700 h.p. Described in Bulletin 
Torsional vibration is absorbed D-5814AA. 


CROFTS ALSO MAKE: 


e Use of smaller, less expensive motors 
and starters 


All of which mean more efficient operation, 
plus reduced maintenance costs. 


RM’ type multiple disc 
ot clutches, compact and 
friction clutches for ideal for machine tools 
sizes V2 to 320 h.p Sizes up to 15 h.p. at 
at 100 r.p.m. Described 100 r.p.m. Described 


in Bulletin D-5918 in Bulletin D-5918 


Ro type industrial 


Get prompt recommendations for any drive requirement 
For general information request bulletins noted above 


CROFTS U.S.A. Inc. 


Telephone: ROgers Park 1-0019 
2542 WEST PETERSON AVENUE 7 CHICAGO 45, ILLINOIS 


EASTERN STATES DISTRIBUTOR 
20 Crosby Street, New York 13, N. Y 


CROFTS CANADA LTD. 


Rockwood Pulley Mfg. Co., Inc 


25 Jutland Road 


2185 Madison Avenve 
Montreal Toronto, Ont. 


28, P.Q. 
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DESIGN 
ABSTRACTS 





Factors Influencing 
Corrosion 

Both external (such as pH of solu- 
tion, stray electric current inhibitors 
and stimulants) and internal (position 
in periodic table, stresses and surface 
conditions) factors influencing rate 
and distribution of corrosion are dis- 
cussed. 
‘Factors Influencing Corrosion”, G V Akimov, 
Chapter 5 of book, “Theory and Research 


Methods of Metallic Corrosion” (USSR). Corro- 
sion, Sept 1959, 1061 M & M Building, Houston 


Lubricating Small 
Apparatus 

Using two pieces of telephone 
equipment as examples, function, 
wear points, causes of failure and other 
such factors are investigated and their 
influence on lubricant type 
method discussed. 


and 


‘Development of Special Lubricants and Lubri- 
cation Practices for Small Apparatus’, F 
Hardy, Bell Telephone Laboratories, Inc. Lubri- 
cation Engineering, Aug 1959, 5 N Wabash 
Ave, Chicago 2 


Hydrostatic Gas Bearings 


Based on Euler’s equation, expres- 
sions for such parameters as pressure 
profile, gas flow rate, gap height, load- 
carrying capacity of pad and _ step 
theo 


retical findings were substantiated by 


bearings are developed. These 
tests based on measurements of perti- 
nent data derived from bearings of 
various configurations. Test 
ment and procedure are described 

“Hydraulic Gas Bearings”, John H Laub, 


California Institute of Technology. ASME poper 
59—Lub-1, ASME, 29 W 39 St, New York 18 


equip 


Psychology of Sound 


This paper was delivered at the 
Conference on Planning and Design- 
ing of Urban Helicopter Facilities, 
sponsored by the Los Angeles Cham- 
ber of Commerce, Sept 21, 1959. The 
data on noise is widely applicable and 
includes and 
sound levels, properties of noise, nois¢ 
control, sound frequency and intensity 
ranges, tolerance thresholds, compari- 
sons of noise levels of various vehicles. 


discussions curves on 


“Psychology of Sound and The Helicopter’, 
M M Hewa, Jr., Bell Helicopter Corp, P O Box 
482, Fort Worth, Tex 
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}) HIGH FREQUENCY 
4 


/) 
/}) HEATING 
Z UNITS 
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FLOATING ZONE UNIT FOR METAL 
REFINING AND CRYSTAL GROWING 


A new floating zone fixture for the 
production of ultra-high purity metals 
and semi-conductor materials. Purifico- 
tion or crystal growing is achieved by 
traversing a narrow molten zone along 
the length of the process bar while it is 
being supported vertically in vacumm or 
inert gas. Designed primarily for pro- 
duction purposes, Model HCP also pro- 
vides grect flexibility for laboratory 
studies. . 


Model HCP 


——— 
A smooth, positive mechanical 
drive system with continuously 
voriable up, down and rota- 
tional speeds, oll independ 
entiy controlled. 
An arrangement to rapidly 
center the process bar within 
@ straight walled quartz tube 
supported between gas-tight, 
water-cooled end plates. Place- 
ment of the quartz tube is ra- 
ther simple and adapters can 
be used to accomodate larger 
diameter tubes for larger pro- 
cess bors. 
Continuous water cooling for 
the outside of the quartz tube 
during operation. 
Assembly and dis-assembly of 
this system including removal 
of the completed process bar 
is simple and rapid. 











LEPEL HIGH FREQUENCY LABORATORIES, INC 
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-»» by WESTERN are better! 


Because now, at no extra cost, the principle hazard 
found in ordinary seal rings has been removed by Western’s No Splice 
method of one-piece construction. In addition, dimensional require- 
ments are maintained at less cost and service is vastly improved. 


Don’t use a spliced ring for technical seal applications, 
but profit from our more than 50 years 
experience—specify Cord Rings by Western. 
Write or phone for information or a visit by our salee engineer in your area. 


SINCE 


WESTERN RUBBER CO. 


GOSHEN 


INDIANA 


MOLDED AND LATHE-CUT RUBBER PARTS FOR ALL INDUSTRIES 
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WAV =a a= XV, 
DOWTY Pressure Balanced 
HYDRAULIC GEAR PUMPS 
Pressures to 2500 PS/ + Outputs from 1/2-60 GPM 


Shown here is our Model GP2-85 which will 
deliver 18 GPM at pressures to 2000 PSI 
Volumetric efficiency exceeds 95% through 
out the operating range. Fully pressurized 
lubrication independent of discharge pressure. 
14 other sizes available. 


Berry Hydraulics 


A Division of 
Oliver Tyrone Corp 


MAIL FOR COMPLETE DATA 


Berry Hydraulics 
2226 Oliver Building 
Pittsburgh 22, Pa 


Name 
Company 


A dd ress 
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124 


kMhhite DRIVE AND CONTROL IDEAS Tips on better 


designing with 


FOR ENGINEERS flexible shatts 


REMOTE CONTROL AND POWER DRIVE: 


Retractable hard top simplified by flexible shafts. 


In the Ford Fairlane 500 Skyliner, the roof 
retracts into the trunk, and the trunk lid 
closes and locks. All this is done auto- 
matically, within 40 seconds. Powering this 
ingenious mechanism are six 3/16" high 
speed, remote control flexible shafts, driven 
by three reversible electric motors. 

The use of flexible shafts enabled the 
designers to use only 
one motor to drive 
each pair of actu 
ators, thus solving 
synchronization 
problems and at the 
same time cutting 
down on the number 
of motors needed. 

Flexible shafts 
(1) and (2) rotate the trunk lid locking 
screws in and out of engagement. Flexible 
shafts (3) and (4) drive a pair of screw-jack 
actuators to raise or lower the trunk lid. 
Flexible shafts (5—not shown) and (6) drive 
a pair of actuators and their associated 
linkage to raise or retract the roof. 





ae 





— 


“POWER DRIVE: COUPLING: 
Powering a movable component . Solve alignment and 


is easily accomplished with flexible vibration problems. . 
shafts. Position of barrel type feeder with S. S. White cou- 
on this new Detroit Power Screwdriver pling shafts — short 
is highly adjustable, because it is pieces of flexible 
driven by a flexible shaft. Power take- shafting without com- 
off is at the main drive motor. panion casings. Here 
is one being used be- 
tween an adjustable 
pulley and a gear 


pump. 
4 
Selection of S. S. White standard flexible > 
shafts: complete description and application \. 
data available. Write for bulletin 5801. ~S 
4 


WRITE FOR COMPLETE DATA! SS 


Selection of specialized flexible shafts to meet 
unusual requirements: useful shaft data and also 
$. $. WHITE INDUSTRIAL DIVISION Dept. 14 information on how to take advantage of 


S. S. Whit 
10 East 40th Street, New York 16, N.Y. bulletin — services. Write for Se 


_~ 


7 
wy... SH. 
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ORANGE seEALeED 
Cage /ywe NEEDLE BEARINGS 





Full Length Rolls 





Only Orange construction provides effective sealing with- Effective Seal Design — > 
out reducing roll length or load carrying capacity. Note 
the proportion of roll length to race, compared with other 
types. You get the full load capacity of Orange Cage Type 
Needle Bearings—plus the economy and efficiency of 
built-in Neoprene seals to keep dirt out and lubricant in. 


This provides positive exclusion 
of foreign matter, retains lubri- 
cant and acts as a vent to prevent 
displacement of seal if additional 
lubrication is added through 
holes provided in races. 





TWO Bearing Lengths for Design Flexibility 





— plus advantages of Orange Cage Design 


The Orange cage design GREATER GREASE 
assures constant contact CAPACITY 
with entire length of roll 

periphery to provide the ul- 


‘ timate in guided rolls and <7 aan 

vailable with single or double seals resistance to skewing. Pi te - Ef 
Adequate space around rolls SS rs A eS 

Only Orange offers Sealed Cage Type Needle Bearings in provides exceptional capac- Nee 

TWO bearing lengths for each shaft diameter. Both bearing ity for lubrication. GUIDED ROLLS 

lengths have full-length rolls in proper proportion to race, 

providing maximum load-carrying capacity. Thus, you have 

greater flexibility in meeting load, space and design require- ® 

ments. Other sealed needle bearings offer only one bearing Stocked in popular sizes frem Yo" to 4” shoft diemeters. Other 

length, with shorter rolls and less capacity. sizes will be added as volume requirements are established. 





Write for new, detailed brochure giving engineering data, construction, dimensions, etc. 


ORANGE ROLLER BEARING CO., Inc. 


(ee) -9-¥, L.eq 551 Main Street, Orange, N. J. 


Needle Bearings — Staggered Roller Bearings 


ROLLER BEARINGS Journal Roller Bearings — Thrust Roller Bearings 


Cam Followers 
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INDUSTRIAL THERMAL 
INSULATION 


Just Published—How to select, speci 
fy, and apply the most efficient and 
economical insulation for any indus 
trial need. Gives tested methods and 
data for using modern materials for 
high and low temperatures ex 
plains theory and mathematics of 
heat transfer and includes infor- 
mation on cellular glass products, 
hydrous calcium silicate, and foamed 
plastics. By A, C. Wilson, Owens- 
Corning Fibergias Corp., 295 pp., 114 
illus., $9.00 


TRANSFORMERS: For the \ 


Electric Power Industry 


Just published—Practical manual on 
lectri power transformer desigr 

onstruction application operation, 
ind maintenance. Gives up-to-date re 

ference data, plus new material on the 
conomicsa of design and application 
Covers recent advances in methods of 
temperature calculation, testing tech 

niques, fault detection, and more. By 
RK. L. Bean, N. Chackan, Jr., . . 
Moore, and E. C. Wentz—all Westing- 
house Elec. Corp. 426 pp., 277 illus., 
$12.50 








this new part 


coccccces DIMENSIONAL CONTROL in 


* * 
brings outstanding _, PRECISION aNUFACTURNG 


hniques of dimensional ontrol 
ipplied in production machining to in 


rease production and reduce unit 
sts. Stresses importance of ¢ alle 
eee lanning in preparing parts fo ro- 


eeeeeeee eeeeeeeeeeeeeeeeeeeeee luction, Shows applications of ma 
chining principles and their attendant 
limensional controls as well as dé 
elopment of a production process 


The photograph is of a shifter fork used in the transmission of a very pop- seh, Sn Gnatanians Gnade, te 


ular garden tractor in volume production. oon en Sees Sean Oe. SS 
pp., 156 illus., $7.50 





Clearly evident is the economy that can be achieved by powder metallurgy 

over other previously used methods. The elimination of practically all 

machine work effects striking cost reduction. 

Made of pure powdered iron, infiltrated with copper to give added strength 

and ductility, this part is intended to meet the higher physical propert:es . 

of wrought metals. Training guide 9° 


technical ° 


The user of this part naturally presented his problem to Bunting first. 


For the unusual, as well as the usual, in bearings, bushings, bars and special 
parts of cast bronze, sintered metals, or Alcoa aluminum, see Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed Product 
Engineering Department are at your command without cost or obligation 
for research or aiding in specification of bearings or parts made of cast 
bronze or sintered metals for special or unusual applications. 


SEE THESE BOOKS 10 DAYS FREE 


Pe Sees eee ee eee eee eee eee2e2229 


McGraw-Hill Book Co., Inc., Dept. PE-10-26 ' 
327 W. 4ist St.. N.Y.C. 36 
Send me book(s) checked below for 10 days’ exami 
nation on approval In 10 days I will remit for 
book (s I keep. plus few cents for delivery costa, 
and return unwanted book(s) postpaid (We pay 
lelivery st f you remit with this coupon—same 
turn privilege 

Wilson—-tndus. Thermal Insul., $9.00 

Bean et al—Transtormers, $12.50 
Gadzala—Dimen. Con, in Prec. Mfg., $7.50 

ic Suc. Tech. Writing, $5.50 


GAAk Ot WK ie GO’ YF OKL COpyYy On 

Bunting's “Engineering Handbook on Powder Metallurgy’ 
and Catalog No. 58 listing 2227 sizes of completely finished 
cast bronze and sintered oil-filled bronze bearings 
available from stock. 


The Bunting Brass and Bronze Company 
Toledo 1, Ohio EVergreen 2-345] 


Bunting 


Branches in Principal Cities — 

Position ° 

For price and terms outside U. S. 

Write McGraw-Hill Int'l, N.Y. C. PE-10-26 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF 
CAST BRONZE OR SINTERED METALS. ALCOA® ALUMINUM BARS | 
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NEW 
BOOKS 


Ma MARR 


Hydraulic of Flow in Pipes 


Cc. T. B. DONKIN. Oxford University Press, 
Amen House, London E. C. 4. 6 x 9, 213 pp. 
21 shillingayin United Kingdom ($2.94). 


British vs metric questions are han 
dled nicely in this combination text 
book-handbook (“Elementary Practi 
cal Hydraulics of Flow in Pipes”) . . . 
the charts and equations are given in 
both systems of units. ‘The level is 
elementary, but all practical basic in 
formation is included. Covered are: 
viscosity, Reynolds numbers, orifices, 
weirs, pipes, comparison of different 
formulas, friction in bends, changes 
of section and a thorough appendix 
of charts and nomographs 


Transistors in Radio, 


Television, and Electronics 


MILTON S. KIVER. McGraw-Hill Book Co, Inc. 
330 W 42nd St, New York 36. 6 x 9, 424 pp 


The this 
edition the 
“Transistors in 


broader scope of second 


has warranted inclusion 
of two new chapters 
Electronic Circuits” 
Amplifier Design.” 

book 


theory and then progresses step by 


“Transistor 
of the 
electron 


ind 
I he 


modern 


rest 
begins with 
step to the operation of every type of 
This 


lowed by a discussion of transistor cit 


transistor in use today is fol 
cuits as they appear in radio receivers, 
I'V sets, and electronic circuitry, such 
set of 
questions accompanies each chapter 


as electronic computers \ 


There is an extensive bibliography 


Handbook of Mathematical 


Tables and Formulas 


Richard S. Burington, Ph.D. McGraw-Hill Book 
Co, Inc, 330 W 42nd St, New York 36. 5 x 7, 
296 pp. $3 

As in the cases of earlier editions, 
this book has been compiled to meet 
the needs of students and workers in 
mathematics, 


engineering, physics, 


chemistry and other fields in which 


mathematical computations, or proc 
esses of a mathematical nature are 
quired. 

In the first part of the book a sum 
mary of the more important formulas 
ind theorems of algebra, trigonometry, 
inalytic geometry, calculus and vector 


(Continued on page 131) 
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Model 0406 
(1/12 hp) 


Model 0211 
(1/6 hp) 


Model 0521 
(1/3 hp) 


Model 032! 
(1/4 hp) 


For O.E.M., lab or plant use — specify 
compact, portable integral- motor 


GAST =? AIR PUMPS 


Gast construction is 
precise—ond prices 


cre competitive! 


To acquaint yourself with other advantages 


To save space and reduce weight 


and mounting costs—use Gast Integral- 


' 


Motor-Pump Models! For vacuum use 
or fitted as air compressors—four sizes 


offer capacities from 4 to 3.8 cfm 


For completely o1l-free air, Models 0406 
and 0211 are available with oil-less con 
Lubricated Models 


0321 and 0521 have fan cooling. Vacuum 


struction (optional 


ranges to 28" Hg., pressures to 25 psi 


Rotary-vane design is positive in dis 
That s 


why engineers specify Gast Air Pumps 


placement, quiet and long-lived 


as components for air sampling, indus 
trial and laboratory instruments; print 


ing, packaging and vending machines 


write for Bulletins Vv P 356. 


GAST MANUFACTURING CORP., P.O. Box 117-V Benton Harbor, Michigan 


SEE CATALOG IN SWEETS PRODUCT DESIGN FILE BR ASME 


“Air may be your answer!” 


CATALOG 


@ AIR MOTORS TO 7 H.-P. 
@ COMPRESSORS TO 30 P.S.I. 
@ VACUUM PUMPS TO 28 IN. 
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BARBER 
COLMAN 








ACIPCO 


Founded in 1900 for the purpose 
of building textile machinery, Ber- 
ber-Colman Company today pro- 
duces diversified equipment ond 
products for such fields as ovto- 
motive, aviation, machine foo! con 
struction ond textile. 


o 


centrifugally spun TUBES 


... for super speed warpers 


Barber-Colman Company, Rockford, Illinois, manu- 
factures more than 85% of the section beam warpers 
produced in the world. And Barber-Colman specifies 
ACIPCO Centrifugally Spun Cast Iron Tubes as 
supplied through our mid-west distributor, C. A. 
ROBERTS CO. 

The Super Speed Warpers produced by Barber- 
Colman have a winding speed of 900 yards per minute 
yet these units are also engineered for low and uni- 
form tension to produce a beam in which thread ends 
are stressed alike 

Specifications for the machines are strict: tubular 
metal parts must be machined to a fine finish and to 
precise measurements. They must have high strength 
and be balanced so that they are capable of with- 
standing sustained high speeds. ACIPCO tubes cus- 
tom-fit requirements such as these. 

Centrifugally Spun ACIPCO tubes have a dense, 
non-directional grain structure which is easier to 


machine. Important, too, their inherent dimen- 
sional stability and concentricity makes dynamic 
balance easier to attain in finished products 

If your machines or products employ tubes of 
stainless steel, carbon steels, alloy irons, or 
special analyses as components, it will pay you 
to investigate ACIPCO. Call or write for com- 
plete information on ACIPCO tube applications 
in your field. No obligation, of course. 


SIZE RANGE: Lengths up to 410” have been pro- 
duced to meet modern machinery requirements 
OD's from 2.25” to 50”; wall thicknesses from .25 
to 4”. 

ANALYSES: All alloy grades in steel and cast iron 
including heat and corrosion resistant stainless 
steel, plain carbon steel and special analyses. 
FINISHED: As cast, rough machined, or finished 
machined, including honing. Complete welding and 
machine shop facilities for fabrication. 


SPECIAL PRODUCTS DIVISION 
WK ES Et ECA N 


oF 4 — is ae © 5 @) se 2S =~ SOP 


Zz SI RMINGHAM 2, ALABAMA 
7 
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A typical example of how fabricators use Schrader. Schrader Air Products in the schematic 
perform a metal-forming operation at Lance Awning Corporation, Lake Worth, Florida 
Power is supplied by a Schrader double-acting bolt-mounted air cylinder. By pressing the 
Schrader 4-way valve, the cylinder piston advances at proper speed, checked by Schrader 
flow control valves, bending an aluminum section to the desired angle. Reversal of the 
4-way valve returns the cylinder and bending dies to rest, permitting removal of the bend 
section. “Air control provides a straightforward one-man job,” says the Plant Manager. 
“Two men worked hard to form this radius bend on 25 parts per hour before a Schrader 
Air Cylinder was installed. Now one man forms 35.” 


1 


+ 





> 


FABRICATOR JUMPS 


, , TTT 


rTcT yy toe 
+—4 


+—+—_+—- +—_+—+-+ 
i 4 
i 


_ 


PRODUCTION 40%... 


CUTS COSTS IN HALF WITH 
STANDARD SCHRADER AIR PRODUCTS 


Get higher production at lower cost, just like this com- 
pany ... with the air you already have! You can’t beat 
Schrader Air Products for accuracy, economy, speed 
—and lasting quality. 

Air can save manhours .. . slash operating costs ... 
upgrade practically any operation such as inspecting, 
assembling, testing and packaging. It can push, pull, 
hold, position and move work repetitively . . . make 


light of weight-lifting . . . accelerate production ... 
unplug bottlenecks ... all at unmatched low cost and 
drop-in-the-bucket maintenance. 

You get the finest line of Air Cylinders, Valves and 
Accessories from Schrader. Plan hookups yourself. You 
get expert help and ideas for cutting your operating 
costs from experienced Schrader Air Specialists. 


Select your automating equipment from the full Schrader line. Your Schrader 
distributor can help you pinpoint what you need. For more data write: 





e division of SCOVILL 





A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 


477 Vanderbilt Avenue, Brooklyn 38, N. Y. 








QUALITY AIR CONTROL PRODUCTS 
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SPEED 
PRODUCTION 


LOWER COST 


on your 
products 


with this 


GRIPCO CENTERLOCK NUT 


family of 


GRIPCO 
FASTENERS 


All types and sizes of 
Gripco fasteners listed 

in catalogue are available 
for immediate delivery. 


Qualified fastener 
engineers are available 


GRIPCO CLINCH NUT 


for consultation on all 


your assembly problems. 
GRIPCO PILOT-PROJECTION 
WELD NUT 


* BRASS GRIPCO OR CENTERLOCK NUTS. 


MINIATURE WELD AND CLINCH NUTS, 
WITH OR WITHOUT LOCK. 


GRIPCO AND CENTERLOCK 
HI NUTS. 


STANDARD SEMI-FINISH FULL 
AND JAM NUTS. 


STAINLESS STEEL LOCK, WELD 
AND SEMI-FINISH NUTS. 


COLD FORMED SPECIAL NUTS 
OR PARTS TO PRINT. 


GRIPCO COUNTERSUNK 
WELD NUT 


The Hatien’s Oldest 
oh Lock Kuts 


Send for samples and NEW CATALOG today 


GRIP-NUT comrany 


102 MAPLE AVE. * SOUTH WHITLEY, INDIANA 
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packaged 
transmission 


New from Fairbanks-Morse, a packaged reversible transmis- 
sion for 1-1/2 to 5 hp gasoline engines. Gives automatic 
no-load starts at best engine speed, high torque in only 3-7/8 in. 
x 4-5/16 in. space, at nominal cost. Fits engine or motor shaft. 
Eliminates gear shifting levers and belt tighteners, simplifies 
power drives. Write for free four-page Bulletin F-M 296. 
a a Morse & Co., Magneto Division, Beloit, Wisconsin. 


a FAIRBANKS-MoRSE 


A name worth remembering when you want the BEST 





a * REWIND AND ELECTRIC STARTERS « WATER SYSTEMS + GENERATING 
SETS + PUMPS * MOTORS + SCALES + DIESEL LOCOMOTIVES AND ENGINES 
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HYDRONIC 
REMOTE CONTROL 
SYSTEM 


* Completely Hydraulic 
® Positive, Accurate — 
* 100% Responsive 


FOR MANUAL MOTION 
DUPLICATION UP TO 
100 FEET AWAY! 


The HYDRONIC System is a distinct advance in 
the remote control field. It offers all the advan- 
tages and simplicity of a self-contained hydraulic 
system. Backlash, motion inaccuracies and instal- 
lation difficulties inherent in mechanical linkages 
or push- pulls are eliminated. The HYDRONIC 
System is unaffected by wear and vibration. 


Master and slave maintain perfect synchroniza- 
tion even under wide temperature changes through 
114° are with 500 in. Ibs. output in either direc- 
tion. A simple adjustment permits instant relative 
positioning between master and slave. 


Write for complete information today. 


HYDRONIC 
CORPORATIO 








N 


12685 Arnold Avenue 
Detroit 39, Michigan 
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New Books continued 


analysis is given. A table of derivatives 
and a comprehensive table of integrals 
are included. The second part of the 
book contains logarithmic and trigo- 
nometric tables to five places; table of 
natural logarithms, exponential and 
hyperbolic functions; tables of squares, 
cubes, square roots and cube roots; 
reciprocals and other numerical quan- 
tities. A five-place table of natural 


secants and cosecants has been incor- or feze} 8 
porated in this edition. Many changes, 
revisions, and additions have been 


made within the text as well as in 
the tables themselves. 





Principles of Management 


KOONTZ and O'DONNELL. McGraw-Hill Book 
Co, 330 W 42nd St, New York 36. 6 x 9, 718 
pp. $7 


In the second edition of this basic 
text, management is differentiated 


from the technical or operating activi Mi LA Fe a4 os ¥ | Vw E 


ties of an enterprise and is analyzed 
in terms of management itself, pro MECHANICAL TIMERS 
viding the reader with a concept of 
the principles and techniques which 
underlie the job of manager. Con for militar uses 
sequently, the analysis applies to man 
agers at all levels and in all types of 
enterprise. 

The authors have utilized the func “ 
tions of the manager — organizing, Over 3,000 vatiations of 30 


stafhng, directing, planning, and con different types of mechanical 
trolling—as a logical and comprehen 


TYPICAL EXAMPLE 


A “Mark-Time” mechanical 
timer releases o porachute 6 
seconds after Rediesende 
eqvipment is launched. 


timers, time switches gnd time delay 


sive framework within which to class 
ify the principles of management relays are currently|being produced, many of which are for 
With this initial conceptual break she nt a , , 
vices are designed to 

SCendiniel oh tees Web military applications. Our Timing Device g 


ring bells, flash lights, turn valves, cut cords, start, stop or 





operate electrical gr mechanical equipment. Timing range 





from seconds to hours. 











Secret 

Current use in guided missile program 
includes these major areas — Testing, 
Launching, Recovery. 











Three new catalogs covering Military, Industrial 


ond Consumer uses now available. Just write. 


M. H. RHODES, Inc. 
lf Management says it won't be too costly 


Production says they won't have to re-tool, HARTFORD 6, CONNECTICUT 
and Sales thinks it will sell, you can get In Canode write: Sperry Gyroscope Ottawa Ltd. 


busy on that idea of your's, Benson.” 
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‘Buy from America’s biggest selection 
of widths, weights, materials, styles, 
solid colors and patterns... all at low 
STANDARD PRICES.”’ 


No matter what product you make that 
requires webbing, be it petite or ponderous, 
we'll wager we have the exact width, weight, 
style and color you require. And... we can 
probably sell it from our STANDARD price 
list, too... not the SPECIAL price list, as 
happens with most manufacturers. We are 
America’s oldest manufacturer of webbings 
Huge line includes rayon, nylon, dacron, 

dynel, cotton, jute, combed peeler 

mercerized and high tensile web- 

bings. Let us send you the facts! 


Send for LITERATURE, 
SAMPLES, and PRICES 


If possible, send us sample to match 


BUFFALO weinvenS An? 
BELTING CO., INC. 
206 CHANDLER STREET BUFFALO 7, NEW YORK 
We also manufacture a complete line of WOVEN COTTON 


CONVEYOR BELTS and PURE SHEET RUBBER 
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BREATHER-FILTER 


protects housings, crankcases, storage tanks. 


The Air-Maze 
breather-filter keeps 
dust out of engine 
and compressor 
crankcases, gear- 
cases, hydraulic 
equipment, liquid 
storage tanks and 
machinery. Types 
and sizes available 
in both oil- wetted 
and oil bath models 
to protect every 
vented housing. 
In the oil-wetted type, dust is impinged on a series of 
oil- wetted wire baffles. In the oil bath type, used 
where the dust concentration is unusually high, the 
filter media is enclosed in a bowl. Outside air must 
first pass through the oil, then the filter media, before 
entering crankcase or housing. Also functions as a 
backfire flame arrester. 
Available in sizes from 1” to 314”. Permanent, all-metal, 
easily cleanable. Write for booklet BC-453. Air-Maze 
Corporation, Department PE-10, Cleveland 28, Ohio. 
(Subsidiary of RockKweL.i-STANDARD Corporation) 
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When it’s 


SPRINGS 


everyone's fancy 
furns to 


>DUDEK BOCK 


<6. 
r cep vf 


WIRE FORMS—SPRINGS 
and METAL STAMPINGS 


D-&-B Parts deliver top performance 

at lower cost! Years of KNOW-HOW 

and quality control guarantee Wire 

Forms, Springs and Stampings that 

are easily assembled . . . withstand 

stress . . . and perform under the 
most trying conditions! 


Write, Wire or Phone qREE 

DICKENS 2-1020 Brochure 
\, » for ESTIMATES and 

» DELIVERY DATES /*~ 


y) 


hile) 4S ae. ae lela Gy i ice lichen 
4014 W. GRAND AVE., CHICAGO 51, ILL. 


ADVANCE SPRING CORPORATION (co division of Dudek & 
1749 W. Carroll . Chicago 12 nois 
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New Books continued 


down, each function is analyzed from 
the point of view of the principles 
and techniques involved. 

Some of the major changes of the 
second edition are a statement of ma- 
jor principles dealing with each func 
tion of the manager by way of sum 
marizing the material discussed on 
each function, and a new chapter on 
delegation of authority, dealing with 
the art and principles of delegation, 
has been added 


Microminiaturization of 


Electronic Assemblies 


HORSEY and SHERGALIS. Hayden Book Co, 
Inc, 830 Third Ave, New York 22. 6 x 9, 278 
pp. $11.00 


This book (“Proceedings of the 
Symposium on Microminiaturization 
of Electronic Assemblies’) is a com 
pilation of 21 papers given on Sept 30 
ind Oct 1, 1958, sponsored by Dia- 
mond Ordnance Fuze Laboratories 
These unclassified papers were solici 
ted from the army, navy and air force 
Covered are: Techniques, such as fine 
line etched wiring, thin films, and 
vacuum evaporation; Semiconductors; 
Components, such as micro-modules; 
Circuits, including transistor NOR 
ircuits; Missile systems; and Micro 
lectronics in Industry 


Fuel Cells 


PB 151804, BERNARD R STEIN. Office of Tech 
nical Services, Dept of Commerce, Washington 
25, DC. 8 x 10%, 120 pp. $1.25 


From early research on hvydrogen- 
xygen units to the latest types being 
developed in Britain, the US, and the 
USSR, this report does an excellent 
job of covering the fuel cell front. 


(Continued on page 135) 





For seven year 


morning’, WHY 
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REEVES Vari-Speed Motodrives 


mean versatility in variable speed 


=  There’s a standard REEVES Motodrive for virtually any'‘installa- 
tion. Rugged, compact variable speed ... 4 to 20 hp. .. . 1.7 to 
4660 rpm. ... 2:1 thru 10:1 speed variation. Other units up to 40 hp. 
There’s space-saving versatility, too. Choose either ““C’’ flow style 
(illustrated) or “Z’’ flow (motor on opposite side of case from 
output shaft). 


Extra precision . . . a complete line of controls, ie. AIRtrol (a 

pneumatic positioner), electric remote control, mechanical controls, 
magnetic brakes and tachometers. Extra versatility 
.. . to meet specific needs, REEVEs offers a full array 
of modifications, ie. special motors, shaft extensions 
and scoop mountings for foot-mounted motors. 


IT'S ALL HERE! 96 pages of ratings, dimensions and prices. Write for 
your copy now ... on company letterhead only, please. 


REEVES PULLEY COMPANY 


OR * vee 
ties bse > R Masten 
/RELIANCE inGineraine co * “a. wv , f 
REEVES 


COLUMBUS, INDIANA 


In Canoda Reeves Drive | nto * Montrea 
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Give swift, certain push-button control 
on automatic die cutting press. 


Here you see Simplatrol 130 Electric Clutch and Brake units 
installed in a high speed, automatic die cutting press. 

These durable Simplatro! units control the vital and unique auto- 
matic table drive motion in the press. Clutch and brake actions are 
timed and controlled by photoelectric cell 

Simplatrol’s patented diaphragm feature means reduced main- 
tenance cost in this and in hundreds of other installations. There is 
no shock or noise in the clutching and braking action. 

Ask for complete Simplatrol literature. 


im Fart proce: corp. 


24-7 SALISBURY ST., WORCESTER, MASS.- 
Representation in Key Industrial Areas 
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2 oe PD 
NTEED 
to give 
drip-tight 
leak-proof 
seal 









greatest name 
in unions 


DART 


For over 55 years the firm guarantee nut, make a drip-tight, leak - proof 
back of each and every DART UNION connection WITHOUT EXCESSIVE 
sold has been — “if one should leak WRENCHING time and time again 
through we will give you two"! The @accenten 

; positive tight connections 
me reveals that less than linevery 214 extra long service on your pipe 
lines by using the DART GUARAN- 
TEED UNION. 


Yours on request: Descriptive brochure 
on Dart Unions and Union Fittings. 


100,000 has proven to be faulty. The ex- 
tra wide bronze to bronze seats, preci- 
sion ground to a true ball joint, mount- 
ed in heavy malleable iron pipe ends 
and protected by an extra heavy union 


“€ Fairbanks company 


SALES 393 LAFAYETTE STREET NEW YORK 3, NEW YORK 
AGENT BRAP iN 


GENERAL 
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.. + for finer regulation of water, oil or gas 


First needle valve to combine all the characteristics called 
for in modern industry. Embodies sturdiest basic construc- 
tion—machined from solid bar stock—suitable for pressures 
to 10,000 psi and equally efficient in lower range. Note 
Wan) stem guide fused to body by new 
“Conoweld” process, eliminating 
faults of conventional two-piece 
ib valves. Stem 416 stainless steel. Stem 
threads fine pitch for strength and 
micrometer regulation. Body electro- 
zinc plated. Sizes 4" to 1", globe and 
angle patterns. 


wt ~ UE | Ask for new Needle Valve Catalog 


MARSH INSTRUMENT COMPANY 
Division Colorado Oil and Gas Corporation. Dpt. 39, Skokie, il. 
Marsh instrement & Valve Ce. (Canada) Lid. 0487 103rd Sitrest, Edmonton, Alber, Come@e 


ONE 
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‘THE MARK OF QUALITY 

} can you use this 
BARBER miniature d-c motor 
COLMAN 


im your product ? 





5 


inexpensive, yet high in 
this compact governed d-c motor is available in 
speeds from 1500 to 5000 rpm. Designed to operate over 
a voltage range of about 4 to 30 volts d-c, it is ideally 


quality, 


suited for many applications such as: drive mechanisms 
in photographic equipment . . . marine navigation equip- 
ment . . . portable dictating machines . . . signal-seeking 
radios .. . tape players . . . and many types of portable 
instruments. Is this the answer to your design problem, too? 


WRITE FOR BULLETIN F-8792 for specifications and 
performance data. 


BARBER-COLMAN COMPANY 
Dept. V, 1812 Rock Street, Rockford, Illinois 
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For PISTON ag 
SEALS « - « 


a 


PALMETTO G-T RINGS ore resilient packing 
seals molded from a variety of natural or syn 
thetic rubber compounds into T cross-sections, 
with two split non-extrusion backup rings on 
eoch side. They are used in hydraulic or 
pneumatic operations as rod or piston seals, 
in single or double acting systems; for all ap- 
plications where there is reciprocating motion, 
with either constant or impulsed pressure; and 
os static seals, under constant or impulsed 
pressure. 

PALMETTO G-T RINGS effectively seal, with- 
out extrusion, at temperatures from minus 
70F up to 600F, and at pressures as high as 
10,000 p.s.i. They will not wedge into clear- 
onces, pinch-off under motion or pressure, or 
twist in place. Absolutely resistant to destruc- 
tive deformation, they permit the use (within 
reasonable limits) of greater clearances be- 
tween the surfaces being sealed. 

PALMETTO G-T RINGS ore manufactured to 
fit stendord size bores and rods, ond ore 
available in a wide selection of compounds 
compatible with all types of fluids in a broad 
temperature range. Special G-T Ring sizes 
can be made, on order, to meet any design 
requirement. Several kinds of non-extrusion 
backup ring materials are also available 


5 


tT 


ke a 


G-T Ring compound 160A complies with Military 
Specification 


MIL-R-003065 Grade SB 715 BE.Z 


FREE ILLUSTRATED BOOKLET “< 
Just published, this useful liter “ny —- 
ture is complete with product de ts 
scriptions, technical dote, specifi b 
cations ond suggested uses of ~~ 
PALMETTO G.-T RINGS for the de = 
519" enginee Write ~~ 
copy of Booklet GTR-759 


for you 


odey 


Greene, Tweed & Co. monufactures a com- 
plete line of Palmetto Pockings to 
meet every sealing requirement en 
compossing every design need 
PALMETTO 
PYRAMID 
PALMETTO U-RING 
PALMETTO KUP 


PALMETTO 
FLANGE 


PALMETTO O-RING 

SELF-LUBRICATING 
PACKINGS 

SHEET-PACKINGS 


NON-LUBRICATED 
PACKINGS 


Whotever your Palmetto 
engineers w 
sign serv 
neer the specifi 

process or product 


secling problem 
give you personalized de 
e ond work with you te eng 
type of pocking you 
requires 








New Books continued 
It is a valuable reference work; and, 
as of last June, is right up to date. It 
has diagrams of the various types of 
fuel cells, tables of hydrogen-oxygen 
and molten-salt characteristics, 
and basic chemical formulae. Organi 
zations now engaged in fuel cell de- 
velopment are listed, and references 
are cited. 


cell 


14, P 36). 


Electric Motors & 


Generators 


EMERY, HARRABIN, LEE, et al. Philosophical 
Library, 15 E 40, New York. 5% x 82, 384 
pp. $12. 


Written non-electrical 
neers, this simple text avoids difficult 
electrical theory and mathematics. It 
describes all types of de and ac motors 
and generators: design, construction, 
installation, operation, testing and 
maintenance While the 
throughout is on the practical, there 
is an appendix explaining the funda 
mentals of electrical for the 
benefit of those whose knowledge of 


for eng! 


emphasis 


theory 


the subject is slight or needs brush 
ing up 
tions, 


There are over 400 illustra 


both diagrammatic and px 


| torial. 


Flow Measurement 


and Control 


W F COXON. Macmillan Co, 60 Fifth Ave, 


| New York 11, 5 x 82, 312 pp $11. 


This is a comprehensive reference 
Chap 
definitions, 


for and students 


ters 


engineers 


cover these topics 


(Continued on page 137) 




















(Note: For additional in- | 
formation on fuel cells see PE—Sep | 


For the finest in 
engineered rubber 
CONSULT STONER First! 


>< 








BONDING THAT EXCEEDS THE 
TENSILE STRENGTH OF RUBBER 


is achieved by Stoner’s exclusive bond- 


———— 
Ss =—_ 


o a 
2 


ae 








LOWEST PRICES ON SILICONE 

RUBBER PARTS are now possible 
through Stoner's new true injection 
process. Savings are possible on both 
piece price and original tooling costs. 


>< 





>< 





SOLVE YOUR BARRIER PROBLEMS 
WITH STONER SMR, Silicone Modi- 
fied Rubber. This unique, patented 
rubber makes a reliable sealant and 
thermal insulator and has the adhesion 
built right into the rubber. 








FREE 

IDEA CATALOG. 
Illustrations in this 

24 page catalog will 
show you how STONER 
can help you solve 
all of your engineered 
rubber problems. 
Write for your copy 
today! 


TONER 


Rubber Co. Inc. 














t 


A Subsidiary of Carlisie Corp. \“EU 
10792 KNOTT AVE., Anaheim, California 
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SCHNO 


Disc Springs 


elir ed 
SCHNORK 
Und 


age 7 ' oF ine 
Silicone Sponge Rubber * ait 
flexible at temperatures — 100°F to 500°F Spring pressure 


COHRiastic R-10470 has a dense, uniform, non-absorbing closed 
cell structure, highly suitable for soft gasketing, vibration damp- 
ening, fairing strips, pads, cushions and other applications where 
resiliency at extreme temperatures is required. It may be bonded 
to metals, plastics, fabrics or silicone rubber. Possesses superior 
compression set resistance, excellent dielectric properties, immu- i f is 
nity to aging, ozone and weather hardening. Available from stock ‘ ng assure 
in 24” x 24” sheets —1/16” through 1/2”. Special sizes *and ' 
extruded shapes made to order. oe SS” ae 

n a pearing canside 
FREE SAMPLES and folder — write, phone or use inquiry service. — ee a 
CHR PRODUCTS: COHRiastic Aircraft Products — seals, coated fabrics, and 
ducts; COHRiastic Silicone Rubber Products — moldings and extrusions, 
sheets and sponge, Temp-R-Ta — pressure sensitive, thermal curing Teflon 
and silicone tapes; Allied Products — COHRiastic silicone cements and con- 
ductive gasketing. 


(CT) CONNECTICUT HARD RUBBER 


Main Office: New Haven 9, Connecticut 
CIRCLE 217 ON READER SERVICE CARD 


@ Space-saving I 


@ Great shock absorption 
er os n. A ‘ 


KARL A. NEISE 


Dept. PE-89, 404 4th Ave 
New York 16, N.Y 


i ay = 
MOpDerntoolS 
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CHALLENGING POSITIONS AVAILABLE IN RESEARCH DIVISION OF 
LEADING CONTAINER MANUFACTURER 


Openings involve research, design, development and evaluation of equipment for the 
manufacture of metal, olastic and fibre containers Work requires versatility and a high 


Stialoflr, 


SPECIAL 


CHECK VALVES 


FF 
Submersible 
Exceptionally fine working and living conditions 
Pumps area northwest of Chicago 


f education ond prior work experience to 


degree of creativity 
Excellent opvortunities both for recent B.S. or M.S. mechanical engineering graduvotes 
and for engineers with from 3 to 8 years of experience 


Laboratory located in the beautiful loke 


Send resume 
Director of Research 


AMERICAN CAN COMPANY 
Research & Development Center 





SILICONE TREATED 


RUBBER POPPET 


Tapped one or two 
holes for attaching 
Pressure Switch, 
Pressure Gauge or 
Snifter Valve. 


No. 350 


Here’s the answer to your Check Valve 


Barrington, Illinois 














WATER SOFTENER 
DEVELOPMENT 
ENGINEER 


Progressive manufacturer of pumping, water soften- 


EMPLOYMENT 
OPPORTUNITIES 


problems on submersible pumps. The 
taper-type rubber poppet is noiseless, 
does not leak, opens easily. Works in 
any position. 

All bronze body. Five sizes, %” 
through 2”. May be tapped for one or 
two side connections as shown. Used 
as original equipment by many lead- 


DISPLAYED RATE 

sing rate is $31.20 per inch for 
sing appearing on other than 
basis Frequency rates quoted 


iest 


UNDISPLAYED RATE 


ing and agricultural spraying equipment has open- 
ing in its Product Development Division for an 
engineer to head Water Conditioning Equipment 
Development Excellent opportunity for man in 
25-35 age group to grow with an expanding pro- 
cram. Located in pleasant town of 17,000 north- 
eastern Ohio. Experience in water conditioning 
and appliance field desirable. Must be capable of 
following project thru design, model building, 
testing and production release. Exceilent drafting. 
model shop and testing facilities part of division 
setup. Excetient employee benefits program. Ali 
inquiries will be considered promptly and in strict 
confidence 


ing pump manufacturers. 
Write today for Bulletin 203, or telephone 


Wanted ads in this style % 


Harrison 3313 for more information. rate. To figure advanced payme 


iverage words to a line 


STRATAFLO PRODUCTS, INC. 


FORT WAYNE N ANA 





$2.10 per ne, minimum 3 lines. Position 
the above 


nt count 


Please submit resume of personal data, education, 
experience and earnings in your reply to 

Mr. Frank Rucker 

Personnel Manager 

The F. E. Myers & Bro. Co. 

Ashland, Ohio 
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New Books continued 

classification of fluid meters, tables 

of capacities, theory of differential 

head meters, measuring differential 

pressures, correction factors for m«e pro uces 


ter readings, open channel meters 
(weirs and flumes), automatic con ti di ti | H | | 
trol, continuous processes, typical con iny ie Cas ings, exc usive y 
trol installations—blast furnaces, water ; | 
treatment, automatic pump control, ti ti 
instrumentation in the boiler house, One fast automa ic opera ion 
1utomatic boiler control 

turns out simple or intricate 
Other Books of Interest = ~ : . , 
Theoretical Analysis of the Creep parts, high in quality, low in cost 


Collapse of Columns. A 











NASA TN D-95, FLOYD R. SCHLECHTE. Noa 


» 
tional Aeronautics and Space Administration, Gries’ exclusive patented methods make 
Washington, DC. 734 x 10, 46 pp, $1.25 possible wide design latitude assure 
uniformity, accuracy and smooth surfaces 


Thermal Conductivity of Lubricat- on small parts of all types for a wide 
variety of uses at substantial savings 


ing Oils and Hydraulic Fluids. GRC die castings leave the machines 
PB151780, D. W. McCREADY Office of Tech trimmed, ready-for-use. In addition GRC's 
unique single cavity die casting té@hniques 
offer new shortcuts in assembly new 
approaches in product design through ov: 
exclusive methods 


nical Services, Dept of Commerce, Washington 


25, CC. 8 x 10%, 51 pp, $1.50 


Source Book of the New Plastics. 
Edited by Herbert R. Simonds. Reinhold Pub ' 
lishing Corp, 430 Park Ave, New York 22 NO SIZE TO SMALL! 


6x9 %4, 354 pp, $10 Maximum sizes 
up to 134", Yo oz 


Development of Foamed-in-Place 
Plastic Energy Absorbing Ma- 


_ ee Fs tiny die castings 


Technical Services, Dept of Commerce, Wash 


ington 25, DC. 8 x 1012, 80 pp, $2 


7 
Understanding Transistors. GRC single cavity casting exclusivel 
MILTON S. KIVER. Allied Radio Corp., 100 N techniques assure uniform ox 


curacy closer tolerances on 


Western Ave., Chicago 80. 6 x 9, 64 pp, 50¢ individual parts 


Semiconductor Products. Fes Z 

SCD-108B. Commercial Engineering, Semicon . Lo 

ductor & Materials Div, RCA, Somerville, NJ fi 4% GEARS AND PIN. 

8% x 10%, 40 pp, 30¢. f 'ONS CAST IN ONE 

; PIECE WITH SHAFTS, 

Proceedings of Fourth National 2 * CENTER HOLES, OR 

Conference on Tube Techniques. INTERCAST 00 COMSINANSN 
“gs WITH CAMS, HUBS 

New York University Press, Washington Square MOVABLE, MULTIPLE ELE- AUTOMATIC INSERT SPACERS AND 

New York 3. 81/2 x 11, 270 pp, $7.50 MENT UNITS “CAST-ASSEM- CASTING OF IND! 


PLE OF FLANGES 
BLED” IN ONE AUTOMATIC po nm Ne 


Programming Business Computers. OPERATION MENTS OR PARTS 
McCRACKEN, WEISS, LEE John Wiley & Write for fact-filled booklet “Small Zinc Alloy Die Castings 
Sons Inc., 440 Fourth Ave, New York 16. 6% Includes helofyl desianer’s check list 


1 - 
= 9%, 510 pp, $10.25 , GRIES REPRODUCER CORP. 


Hot Organic Coatings. World's Foremost Producer of Small Die Castings Z : ~s 
RAYMOND B. SEYMOUR. Reinhold Publishing , ip 159 Beechwood Ave., New Rochelle, N. Y wm 
Corp, 430 Park Ave, New York 22. 9 x 6, 233 , \ NEw Bachalla 2.240H 
pp. $7.50 Same ww ee ee we ae ie ee ee ee 
. ’ 


: CLIP THIS TO YOUR LETTERHEAD 
Correction 


GRIES REPRODUCER CORP., 159 Beechwood Ave., New Rochelle, N. 1 
YES send complete catalog describing GRC automatic Die Casting methods 
including design hints 


In the review of “Engineering and 
Organization” by Professor Everett 
Laitala (6 x 93, 391 pp, 47.20) on 

<> : Send assorted samples Quote-info attached 
page 153 of our September 14 issue, 
the publisher's address was incorrect 
Richard D. Irwin, Inc, is located at 
1S18 Ridge Road in Hlomewood, Ill 


Yes No Have representative phone for an appointment 


Requested by Title 
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A topper in any language Index of 
PRODUCTS 


ADVERTISED 


In This Issue 





ifter reading the advertisement 
lassified below MORE DE 
TAILED INFORMATION about 
these products can be obtained by 
sing the READER SERVICH 
CARD 


A 
Actuators 
Mechanical 
Air Motors (see Motors, Air) 


Balls 

Bars 
Metal 

Bearings 
Ball 1, 45, 48, 89, 
Jewel 
Needle . 89, 
Roller 1, 32, 45, 89, 
Self-Lubricating 1 
Sleeve 116, 126, 

Belts, Timing 

Belts, V 

Bolts 

Books 

Brakes 
Electric 

Brass 

Bronze 

Bushings 


Castings 8-9, 
Chains 

Conveyor 26 

Roller 26, 113 
Chemical Treatments 102-103 
Clutches 

Electrical 134 


It’s better than the best XXXP grade, SompreRE nc cowegs ath Get! 


Controls 
Electrical 4th Cover 


it’s lighter and more economical than G-10, Hydrauile 130 


Pneumatic .. 129 
92 


it’s Taylor XY-1 Paper-Base Epoxy Laminate —“stiviina. “rr” “”* hen 


Fiydraulic 
Cylinders 
Pneumatic 129 


When you want extremely high reliability in printed circuits, with the addi- 

tional advantages of flame retardance, chemical resistance, good solder- 

ability and high bond strength—-specify Taylor XY-1 copper-clad laminate. — 

It is self-extinguishing in 1 second, has excellent resistance to alkalis, acids Mechanical 

and solvents, has a solder time resistance at 500°F. of 30 seconds in 1-oz. ——— re 
copper and 50 seconds in 2-0z., and a bond strength of 10 lb. in 1-oz. 


copper and 13 Ib. in 2-oz. Sheets available with copper on one or both sides. Curuerens 
etallic 


Unclad Taylor XY-1 has many advantages, Fabrics 132 

. : Fast Method 18, 34, 93, 118 

too. It can be substituted for glass-base epoxy SEE ca tocdexv ees : 121 

. . Filter 

laminates to reduce cost and weight. It has Al 132 

. . CP Fittings, Hose, Pipe & Tube .. 94-95 

excellent electrical, mechanical and machining Flexible Shafts so5 124 

: ; orgings . 
properties. Contact us for complete technical 
data and expert guidance in applying thi 

P g Pplying this new Gear Motors (see also Motor 


material. TAYLOR FIBRE Co., Norristown 39, Pa. Reducers) 12-13, 105, 111 
Gears sceccd Oa 


G 


H 
Heating Units 104, 123 


Jacks 
Jewels 
L 
Laminated Plastics (see Plastics, 
ar 138 


Laminated) os : 
.102-103 


LAMINATED PLASTICS VULCANIZED FIBRE ape ce ARPT RDEEREE 15, 119 
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Index of 


PRODUCTS 
ADVERTISED 


In This Issue 


M 


Metal Bonded to Plastic 
Moldings 
Plastics (see Plastic Parts) 
Powdered Metal (see Powdered Meta! 
Parts) 
Rubber (see Rubber Parts) 
Motor Starters 106- 
Motors, A-C 
Fractional 99, 
Integral 
Sub-Fractional 
Motors, Air 
Motors, D-C 
Fractional 
Integral 
Sub-Fractional 


Nickel Silver 
Nuts 


Packings 
Phosphor Bronze 
Pillow Blocks 
Plastic Parts 
Plastics 
Plastics Laminated 
Plastics Laminated to Metal 
Powdered Metal Parts 8-9, 116, 126, 
Production Machines & Processes 
Pumps 
Air 
Liquid 
Vacuum 


17, 20-21, 
1 


Relays e- 

Reproduction Equipment 108- 
Reproduction Supplies 108- 
Resins 20-21, 
Rubber . 96, 
Rubber Parts 96, 123, 
Rust Proofing 102- 


Ss 


Screws 10, 34, 
Seals.. 3rd Cover, 100, 110, 
Sheets 

Metal 

Plastic 20-21, 33, 
Silicone Rubber ll, 
Spacers 
Specialty Fasteners (Pipe Hangers, 

Special Cold Headed Parts, etc.) 
Speed Increasers & Reducers 

12-13, 27, 111, 

Splines 
Springs. 
Sprockets 
Stampings 
Steel 

Alloy 

Coated 

Stainless 


28-29, 114, 132, 
se a 


T 


Terminals & Terminal Boards 
Thermostats 

Timers 

Timing Motors 

Tools .. 

Transmissions 

Tube Fabricating 


Seamless 


Valves 
Air .. 
Hydraulic 


Washers 
Welding 
Nuts 
Wire .. 
Wire Forming 
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HIGH SPEED IMPELLER 


CONVERSION TO STEEL 
CASTINGS EFFECTED 


SAVINGS OF OVER 50%! 


HERE’S HOW ONE MANUFACTURER SAVED OVER 50% IN PRODUCTION COSTS 
BY CONVERTING TO LEBANON STEEL FOUNDRY'S CERAMICAST PROCESS... 


This Third Stage High-Speed Impeller was produced for the Carrier 
Corporation, Syracuse, New York. The Impeller was originally designed 
and manufactured as a forging, with the curved blades welded in place. 
Mechanical properties were good, but production costs extremely high 


Lebanon's Foundry Engineering 
Service solved the problem by 
producing the Impeller as a one 
piece steel casting in a unique 
combination of the CERAMICAST 
Process and other precision 
methods. It is now cast of Circle 
L 205, Grade Al-ASTM No. A-148 
55, Grade 105-85. The use of a 














Lebanon Steel Casting has effected savings of over 50% while main 
taining equal mechanical properties. During tests the Impeller attains 
a speed of over 12,500 rpm—held for 30 minutes 


Steel component parts now being machined, forged or fabricated can 
often be CAST BY LEBANON at considerable cost savings, with im- 
proved design and physical properties. Lebanon's Foundry Engineering 
Service will review your requirements and make specific recommenda 
tions if a conversion to steel castings can achieve lower costs for you 


DETAILED CASE HISTORIES of this and other cost saving applications, in 
a wide range of industries, will be sent on request. Write today for 


your copy. 


LEBANON STEEL FOUNDRY 


CARBON, LOW ALLOY AND STAINLESS STEEL CASTINGS 


148 LEHMAN STREET 


LEBANON, PENNA 
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INDEX TO 
DAVID BROWN : ADVERTISERS 


at work | pS 


renience to the readers. Every ecre 


around the world | eS Ss cette 
j . . re enibilitw f 


me no sponsibi 

















mis 


AMP, Inc 

Aeroquip Corp 

Air-Maze Corp 

Alleghany Ludium Steel Corp 

Allen Mfg. Co. 

American Brass Co. 

American Cast Iron Pipe Co 

American Steel & Wire Div., 

S. Stee! Corp. 

Armco Steel Corp. 

Arrow-Hart & Hegeman 
Electric Co. 106-107 

Automotive & Aircraft Div., 
American Chain & Cable Co 


Barber-Colman Co. 

Berry Hydraulics Div., 
Oliver Tyrone Corp 

Beryllium Corp. 

Bird & Co., Inc., Richard H 

Biack Machine Tool Co. 

Boston Gear Works 

Bower Roller Bearing Div., Federal- 
Mogu!-Bower Bearings, Inc 

Brown, Inc., David 

Brown-Lipe-Chapin Div., 
Ceneral Motors Corp. 


\ Buffalo Weaving & Belting Co., Inc 
’ " Bundy Tubing Co 
a, Bunting Brass & Bronze Co 
. £ 


. 
Vy, . Carr Fastener Co., Div. of 
United-Carr Fastener Corp 93 

Chatillon & Sons, John 114 
Cleveland Worm & Gear Co., Subs. of 

Eaton Mfg. Co. 2nd Cover 
Connecticut Hard Rubber Co 
Cramer Controls Corp 


WHY O.E.M. INSTALLATIONS ACCOUNT Solas -lhameater, Une. ath Cover 
FOR 85% OF RADICON SALES 


J 


Radicons drive coal feed conveyors at one of England's largest power plants 


Diamond Chain Co., Inc 26 
Dow Chemical Co 20-21 
Dudek & Bock Spring Mfg. Co tt; 
y > ica, S rica. / ralia. Canada: ss Duff-Norton Co. 
In Europe, Africa, South Ame rica, Australia, anada and the U. S., Radicon ps ge ag RES 
speed reducers are harnessing motor speeds into working power for all in- E. |., Textile Fibers Dept 121 
> , duPont de Nemours & Co., 
dustry. E. |., Polychemicals Dept 


From missile launchers to supermarket check-out counters, product design 
engineers have come to know the important 1-2-3-4 reasons why Radicons th ene , & Co., Magneto Div 
are specified on so many different industrial < ications—< thy Federal-Mogul Div., 
I ’ ndustrial applications—and why OEM Sodaral-ticel-tewe Geertags, ne 


installations account for 85 percent of the David Brown Radicon sales. Fellows Gear Shaper Co 
Fenwal, inc 


1. PRICE—The original equipment manufacturer is always fully pro- Garlock Packing Co 


tected on the industry's accepted discount, and Radicon drives are still com- } nelly. Bg 
petitively priced at the user level. General Electric Co., Silicone Products 
ept. 


=. ».free Y ; ; General Industries Co 
2. RELIABILITY —Trouble-free operation under all operating ex- Gits Bros. Mfg. Co 


tremes Goodrich, B. F., Industrial Products 
Co 
3. PRODUCT LINE —A Radicon in the size, type and ratio for every Greene, Tweed & Co 


r Gries Reproducer Corp 
job. Grip Nut Co 
4. DELIVERY —Off-the-shelf on Radicons in 14 sizes, 14%” to 14”, 8 - c 
= . or eim Co 
types, 17 ratios from 5:1 to 250:1. Hoover Ball & Bearing Co., Ball Div 
Hotwatt, Inc 
Hydronic Co. ,The 
Get the details on the cooperative service of 
David Brown companies around the world— Johnson Bronze Co 
on the next installation! 
Kaydon Engineering Corp 


t D te Lebanon Steel Foundry 139 
B Oo W N +] I NC. Lepal High Frequency Laboratories, 
Inc. 123 


Linear, Inc 100 
Link-Belt Co. 12-13, 45 


(one of the David Brown Industries) 


999 Beecher Street, San Leandro, California 
6025 Atlantic Bivd., Maywood, California McGraw-Hill Book Co., Inc 126 


. Marsh Instrument Co., Div. of 
1224 S.W. Morrison St., Portland, Oregon Colorado Oil & Gas Corp 134 
Masiand Duraleather Co., The . ae 
Metal & Thermit Corp 112 
Minnesota Rubber Co 3rd Cover 
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INDEX TO 
ADVERTISERS 


Morse Chain Co, A Borg-Warner 
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Parker-Kalon Div., General American 
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Parker Rust Proof Co 102-103 
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Machine & Foundry Co 
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PRODUCT ENGINEERING 

ADVERTISING SALES STAFF 

Atlanta 3 W. O. Crank, 1301 Rhode 
Haverty Bidg., Jackson 3-6951 

Boston 16 M. A. Williamson, Jr 
Park Square Bidg.. Hubbard 2.7160 

Chicago 11 Mid-Western Adv. Sales 
Manager, A. ft Meanor; R. W Bruley 
I Anderson “a8 ON Michigan Ave Mo 
hawk 4-5800 


= aa Bia, "dias Goon ee Each A-MP tool-and-terminal team is designed to be inflexibly “‘tight- 


perior 1.7000 
Dalles 1 R. T. Woed, 91 Vaughn a M 
Bids.. 1712 Commerce St. Riverside 7.511 tion costs. You can really put the pressure on circuit termination expenses 
Denver 2 John W. Patten, 1740 Broad . i ati 
way, Mile igh Center, Alpine — with these A-MP teams because AMP has cleaned out all the profit eating 


Suet 86 ao ate Seem, G88 Chet. clutter and mess found in other methods. 
seo dg... oodward 2 9 


Los Angeles 17 Robert Obenour, 1125 This AMP method is tightfisted in another way. The A-MP tool won't 
West 6th St., Madison 6-9351 


New York 36 B. K. Adams, F. J. Me “let go” until the precise crimp is made to create unquestioned reliability. 
Kinley, 500 Pifth Ave., Oxford 5.5959 
Philadelphia 3 D. G. Jones, K. S. Wil 


ledsen. 6 Poeun Center Plase. Lees 8.4390 Tightfisted for economy, tightfisted for reliability—the AMP method 

Pittsburgh 22 C. F. Levereni iver . : i ; 
Bldg vy Sad 1.1314 wlicodna gives you these along with many other plus features including coded quality 

St. Louis 8 R. W. Bruley, 3615 Olive control, vibration and corrosion resistance and pre-insulation. 
™., Continental Bldg Jeflerson 5.4867 


San Francisco 4 W. C. Weolston, 68 Post Write today for our Cost Saving Brochure. 


st Douglas ino 


_~_a_m AMP INCORPORATED 


I }. Eb B ness Mg . 
P= IE i a Be General Offices: Harrisburg, Pennsylvania 
Index to Advertisers hegins on P 14 A-MP products and engineering assistance are available through subsidiary 
Products Index begins P 132 companies in: Canada * England + France + Holland * Japan 


fisted’’ with your money . . . designed to reduce your total circuit termina- 


Your choice of precision hand tooling or high speed automatic tooling. 
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If you are in the market for rugged, dependable bushings and 
bearings at an economical price—products that provide max 
mum protection in almost any type of equipment—choosc 
from Johnson's . . . 


& Bronze on Steel @& Rolled Bronze C) Babbitt on Steel 


Bronze on steel thin-wall bushings are economical and 


practical. Plain or flanged half bearings are available also, pre- 

ree cision machined to fit your application. This material also can 
be furnished stamped for plates, washers and other flat bear- 
ing surfaces. 


Rolled bronze, plain, graphited or ball-indented are avail- 

able as either full round bushings, half bearings or washers. 

s Furnished with any type of oil groove, slot or hole, these durable 

for maximum parts can be made to your specifications and produced in a 


large range of sizes. They have superior resistance to corrosion 


protection ond wane. 
of your equipment Babbitt on steel is available for bushings or half bearings 


and thrust washers. Precision machined to close tolerance, these 
performance-proved products have a range of wall thicknesses 
_—_— suited to your needs. 

elarac 











Behind these quality products stands Johnson’s more than 50 
years’ experience in the sleeve bearing and bushing field. Like 
thousands of others, you, too, can benefit from these quality 
products and Johnson’s engineering help. Call, write or wire us 
for more information . . . for fast, reliable service. 


on 


ste é! 


Rolled 
Bronze 





Subsidiory: Apex Bronze Foundry Co., Ocklond, Col. 


508 Mill Street, New Castle, Pa. 
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l‘o be fully informed of all the significant new development 


held is a vital and never-ending task. We make this big job easier f 
et you. By just using one of the attached postcards you can secure 
reprints of articles you'll use most often for nici 


ready source of material 


omplete data on 


} } } 
new catalogs and bulletins ( those summarize 


duct Engineering have first been carefully scre 


yur large staff of engineer-editors 
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FACTS for 
=~ FILING on 
y) KAPSEAL 


LONG LIFE, LOW FRICTION 
, SEALING WITH 
KAPSEAL! 


et ‘ = “et oe. 


The KAPSEAL is a Teflon ‘“boot’’ which 
is used with a standard O-ring to provide a good 
seal with superior frictional and wear characteristics. 


LONG LIFE The Karena. has boon tested on dynan COMBINES WITH A STANDARD O-RING 


field wi utstanding results ests have rut ' I} KAPSEAL come Kin and Kex. Kin 
sod when the +} 


le KEeX 


ealing surfa 
ealing surfa 


Dinat n ca 
wad fe 
> useal te t rlace 
plified desigt 
because t 
KAPSEAL reduce en j 
extent that the mechan ncan be ealed shut 
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KAPSEAL is a trademark of Minnesota Rubber Co 


Teflon is a trademark of the DuPont Company 
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FOR MORE INFORMATION ON THE KAPSEAL... 
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"INSTALLS EASIER The cost of installing motor control is almost 


always greater than the cost of the equipment, often two or three times 
as much. This is why Cutler-Hammer made “easier installation” a key 
objective in designing the Cutler-Hammer Three-Star Motor Control 
line. Its compact construction saves valuable panel area. Three-point 
keyhole mounting, straight-through wiring, sure-grip terminals, and 
color coded magnet coils save you time and effort on every job. 


SY WORKS BETTER Better performance is more than a mere claim 


CUTLER- HAMMER 


in the Cutler-Hammer Three-Star Motor Control line, it is a proven fact. 
Light weight, short stroke movable contacts hold the inertia effect to a 
bare minimum. Accurately calibrated overload relays are adjustable to 
within 3% of full load motor current, not 10% or 12% as others. Motors 
work up to full capacity without time-wasting nuisance tripping of the 
overload relay 


f LASTS LONGER Repeated tests prove Cutler-Hammer Three-Star 
Motor Control provides substantially greater electrical and mechanical 
life. Vertical dust-safe contacts stay clean, free from the ravages of arcing 
and pitting caused by dust contamination. Magnet armatures pivot on 
smooth hardened steel bearing surfaces, avoid the uncertainties of 
sliding friction. 


For maximum economy, perform- 
ance and dependability; standardize 
on Cutler-Hammer Three-Star Mo- 
tor Control. Write today for the 
Panelbuilders Handbook, the handy 
guide to control pane! design. Ad- 
dress your request on your company 
letterhead. Ask for Publication 
EE120-V249. Cutler-Hammer Inc., 
Milwaukee 1, Wisconsin 


* 


ee ee 


Br Cutler-Hammer Inc., Milwaukee, Wis. © Division. Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.: Cutler-Hammer Mexicana A.: Intercontinental Electronics Corporation 
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